Searching PAJ 



Page 1 of 2 



PATENT ABSTRACTS OF JAPAN 



(1 1 )Publication number : 2004-1 1 1 887 

(43)Date of publication of application : 08.04.2004 



(51)Int.CI. 




H01L 43/08 
G11C 11/15 
H01L 27/105 




(21)Application number 


2002-307686 


(71)Applicant 


: TDK CORP 


(22)Date of filing : 


13.09.2002 


(72)Inventor : 


EZAKI KIICHIROU 








KOGA KEIJI 








KAKINUMA YUJI 



(54) MAGNETORESISTANCE EFFECT ELEMENT. MAGNETIC MEMORY DEVICE AND METHOD FOR 
MANUFACTURING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a magnetic memory device 
capable of efficiently using a much stronger magnetic field, and 
executing stable writing and a magnetic resistance effect element 
mounted on the magnetic memory device, and to provide a method 
for easily manufacturing the magnetic memory device. 
SOLUTION: This magnetic memory device is provided with a 
laminate constituted of a magnetosensitive layer whose 
magnetizing direction is changed due to an external magnetic field, 
so that currents can run to a direction vertical to the laminated 
surface and a circular magnetic layer arranged on one surface side 
of the laminate with its direction along the laminated surface as an 
axial direction, and constituted so as to be put through by a 
plurality of wires. Thus, a closed magnetic path can be formed by 
making currents run through the plurality of wires, and the 
inversion of magnetization in the magnetosensitive layer can be 
much more efficiently executed. 
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* NOTICES * 

JFO and NCIPI are not responsible £or any 
damages caused lay the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

The layered product constituted so that a current might flow in the direction vertical to a laminating side 
including the magnetosensitive layer from which the magnetization direction changes by the external magnetic 
field, 

The annular magnetic layer constituted so that it might pierce with two or more lead wire while being arranged 
in one field side of said layered product so that the direction along said laminating side might be made into shaft 
orientations 

The magneto-resistive effect component characterized by preparation ******. 
[Claim 2] 

The magneto-resistive effect component according to claim 1 to which said layered product is characterized by 
connecting with said annular magnetic layer and electric target. 
[Claim 3] 

Said two or more lead wire is mutually prolonged in parallel in the field which pierces through said annular 
magnetic layer. 

The magneto-resistive effect component according to claim 1 or 2 characterized by things. 
[Claim 4] 

Said a part of annular magnetic layer serves as said magnetosensitive layer. 

A magneto-resistive effect component given in any 1 term of claim 1 characterized by things thru/or claim 3. 
[Claim 5] 

Said magnetosensitive layer is prepared in another object with said annular magnetic layer. 

Said magnetosensitive layer and said annular magnetic layer are carrying out switched connection magnetically. 

A magneto-resistive effect component given in any 1 term of claim 1 characterized by things thru/or claim 3. 

[Claim 6] 

Between said magnetosensitive layers and said annular magnetic layers, the nonmagnetic conductive layer for 
carrying out antiferromagnetism association of said magnetosensitive layer and said annular magnetic layer is 
arranged. 

The magneto-resistive effect component according to claim 5 characterized by things. 
[Claim 7] 

It has coercive force with said bigger magnetosensitive layer than said annular magnetic layer. 

Any 1 term of claim 1 characterized by things thru/or claim 3, claim 5, or a magneto-resistive effect component 

according to claim 6. 

[Claim 8] 

Said layered product, 
Non-magnetic layer, 

The 1st magnetic layer by which the laminating was carried out and the magnetization direction was fixed to the 
one side of said non-magnetic layer, 

The 2nd magnetic layer which a laminating is carried out to said the 1 st magnetic layer and opposite hand of 

said non-magnetic layer, and functions as said magnetosensitive layer 

Implication, 
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Information is detected based on the current which flows to said layered product. 

A magneto-resistive effect component given in any 1 term of claim 1 characterized by things thru/or claim 7. 
[Claim 9] 

It has coercive force with said 1 st bigger magnetic layer than said 2nd magnetic layer. 
The magneto-resistive effect component according to claim 8 characterized by things. 
[Claim 10] 

With said non-magnetic layer of said 1st magnetic layer, the 3rd magnetic layer of the antiferromagnetism 
which carried out switched connection to the 1st magnetic layer is arranged in the opposite hand. 
The magneto-resistive effect component according to claim 8 or 9 characterized by things. 
[Claim 11] 

Between said 1st magnetic layer and said non-magnetic layers, the 1st magnetic layer and the 4th magnetic 
layer which carried out switched connection are arranged. 

A magneto-resistive effect component given in any 1 term of claim 8 characterized by things thru/or claim 10. 
[Claim 12] 

Between said 1st magnetic layer and said 4th magnetic layer, the 2nd nonmagnetic conductive layer for carrying 
out antiferromagnetism association of the 1st magnetic layer and 4th magnetic layer is arranged. 
The magneto-resistive effect component according to claim 1 1 characterized by tihings. 
[Claim 13] 

Said non-magnetic layer consists of an insulating layer which may produce the tunnel effect. 

A magneto-resistive effect component given in any 1 term of claim 8 characterized by things thru/or claim 12. 

[Claim 14] 

Two or more 1st write-in lines. 

Two or more 2nd write-in lines prolonged so that said two or more 1st write-in lines may be intersected, 
respectively, 

Two or more magneto-resistive effect components which contain the layered product constituted so that a 
current might flow in the direction vertical to a laminating side including the magnetosensitive layer from which 
the magnetization direction changes by the external magnetic field, respectively 
Preparation, 

Said magneto-resistive effect component is a magnetic memory device characterized by including the annular 
magnetic layer constituted so that it might pierce by the 1 st write-in line and the 2nd write-in line, while being 
arranged so that the direction which met said laminating side at one field side of said layered product may be 
made into shafl: orientations. 
[Claim 15] 

The magnetic memory device according to claim 14 to which said layered product is characterized by 
connecting with said annular magnetic layer and electric target. 
[Claim 16] 

Said 1st write-in line and the 2nd write-in line are mutually prolonged in parallel in the field which pierces 
through said annular magnetic layer. 

The magnetic memory device according to claim 14 or 15 characterized by things. 
[Claim 17] 

Said a part of annular magnetic layer serves as said magnetosensitive layer. 

A magnetic memory device given in any 1 term of claim 14 characterized by things thru/or claim 16. 
[Claim 18] 

Said magnetosensitive layer is prepared in another object with said annular magnetic layer. 

Said magnetosensitive layer and said annular magnetic layer are carrying out switched connection magnetically. 

A magnetic memory device given in any 1 term of claim 14 characterized by things, or claim 16. 
[Claim 19] 

Between said magnetosensitive layers and said emnular magnetic layers, the nonmagnetic conductive layer for 
carrying out antiferromagnetism association of said magnetosensitive layer and said annular magnetic layer is 
arranged. 

The magnetic memory device according to claim 18 characterized by things. 
[Claim 20] 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F%2Fwww4.ipdl.ncipi.go.... 9/21/2005 



JP,2004-1 1 1887,A [CLAIMS] 



Page 3 of 4 



Said layered product, 
Non-magnetic layer, 

The 1st magnetic layer by which the laminating was carried out and the magnetization direction was fixed to the 
one side of said non-magnetic layer. 

The 2nd magnetic layer which a laminating is carried out to said the 1 st magnetic layer and opposite hand of 

said non-magnetic layer, and functions as said magnetosensitive layer 

Implication, 

Information is detected based on the current which flows to said layered product. 

A magnetic memory device given in any 1 term of claim 14 characterized by things thru/or claim 19. 

[Claim 21] 

It has coercive force with said 2nd bigger magnetic layer than said annular magnetic layer. 
The magnetic memory device according to claim 20 characterized by things. 
[Claim 22] 

It has coercive force with said 1st bigger magnetic layer than said 2nd magnetic layer. 
The magnetic memory device according to claim 20 or 21 characterized by things. 
[Claim 23] 

With said non-magnetic layer of said 1st magnetic layer, the 3rd magnetic layer of the antiferromagnetism 
which carried out switched connection to the 1 st magnetic layer is arranged in the opposite hand. 
A magnetic memory device given in any 1 term of claim 20 characterized by things thru/or claim 22, 
[Claim 24] 

Between said 1st magnetic layer and said non-magnetic layers, the 1st magnetic layer and the 4th magnetic 
layer which carried out switched connection are arranged. 

Claim 20 characterized by things thru/or a magnetic memory device according to claim 23. 
[Claim 25] 

Between said 1st magnetic layer and said 4th magnetic layer, the 2nd nonmagnetic conductive layer for carrying 
out antiferromagnetism association of the 1st magnetic layer and 4th magnetic layer is arranged. 
The magnetic memory device according to claim 24 characterized by things. 
[Claim 26] 

Said non-magnetic layer consists of an insulating layer which may produce the tunnel effect. 

A magnetic memory device given in any 1 term of claim 20 characterized by things thru/or claim 25. 

[Claim 27] 

The parallel part in said 1st and 2nd write-in lines mutually prolonged in parallel is formed by making at least 
one side of the 1st and 2nd write-in lines crooked. 

The magnetic memory device according to claim 16 characterized by things. 
[Claim 28] 

While one side of said 1st and 2nd write-in lines extends in the shape of a square wave, another side extends in 
the shape of a straight line. 

The standup part and falling part of the shape of said square wave support said parallel part. 
The magnetic memory device according to claim 27 characterized by things. 
[Claim 29] 

Said 1st or 2nd crooked write-in line is a magnetic memory device according to claim 27 or 28 characterized by 
being constituted including two hierarchy parts each other connected through the interlayer connection layer 
which consists of an electrical conducting material. 
[Claim 30] 

It has two or more read-out lines for passing a read-out current in the direction vertical to the laminating side of 
said layered product in each magneto-resistive effect component, 

Reading appearance of the information is carried out based on the current which flows to said layered product. 
A magnetic memory device given in any 1 term of claim 14 characterized by things thru/or claim 25. 
[Claim 31] 

The write-in track group containing two or more 1st write-in lines and two or more 2nd write-in lines prolonged 
so that said two or more 1 st write-in lines may be intersected, respectively. 

The magneto-resistive effect component which has a layered product containing the magnetosensitive layer 
from which the magnetization direction changes with external magnetic fields 
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It is an approach for manufacturing a preparation **♦♦** memory device. 
The process which forms said 1st write-in line on the 1st insulating layer, 

The process which forms the 2nd insulating layer so that the part and perimeter of said 1st write-in line may be 

covered. 

The process which forms said 2nd write-in line on said 2nd insulating layer. 

The process which forms the laminated structure to which said 1st and 2nd write-in lines extend in parallel 
mutually on both sides of an insulating layer by etching selectively said 2nd insulating layer and said 1st write- 
in line, and removing them by using said 2nd write-in line as a mask in self align 
****** — flie manufacture approach of the magnetic memory device characterized by things. 
[Claim 32] 

The process which forms said 1 st write-in line 

The process which forms a part [♦***/ said 2nd write-in line / among said 1st write-in line / un-]. 

The process which forms the 3rd insulating layer so that a part [ **** / said 2nd write-in line of said 1st write-in 

line / un-] and its perimeter may be covered. 

The process which forms a layer flow layer by embedding an electrical conducting material in this beer hall 
after forming the beer hall linked to the edge of a part [ **** / said 2nd write-in line of said 1st write-in line / 
un-] in said 3rd insulating layer. 

The process at which the edge forms a part parallel to said 2nd write-in line contained in said laminated 
structure of said 1st write-in line on said 3rd insulating layer so that it may connect with the upper part of said 
layer flow layer 
Implication, 

By connecting between a part [****/ said 2nd write-in line / un-] and parallel parts by said layer flow layer 
among said 1st write-in line, you make it crooked in the direction of a laminating, and said 1st write-in line is 
formed. 

The manufacture approach of the magnetic memory device according to claim 31 characterized by things. 
[Claim 33] 

[ when said magnetic memory device is further equipped with the annular magnetic layer in which said 1st 
write-in line and the 2nd write-in line enclose annularly a part of parallel part / at least ] 

The process which forms the 1st annular magnetic layer part in the field corresponding to a part of parallel part 
[ at least ] in said 1st [ the ] above said 3rd insulating layer, and the 2nd write-in line selectively mutually, 
The process which forms the 4th insulating layer so that the side face and top face of this laminated structure 
may be covered after forming said laminated structure in the parallel part of said 1st and 2nd write-in lines, 
The process which forms the annular magnetic layer which consists of said 1 st and 2nd annular magnetic layer 
parts by forming the 2nd annular magnetic layer part so that said the 4th side face and top face of an insulating 
layer may be selectively connected with said 1st annular magnetic layer part with a wrap 
****** — the manufacture approach of the magnetic memory device according to claim 32 characterized by 
things. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the magnetic memory device which memorizes information by the extemal magnetic 
field using change of the magneto-resistive effect component containing the ferromagnetic fi-om which the 
magnetization direction changes, and its magnetization direction, and its manufacture approach. 
[0002] 

[Description of the Prior Art] 

Conventionally, volatile memory, such as DRAM and SRAM, is used as general-purpose memory used for 
information processors, such as a computer and communication equipment. In order to hold storage, it is 
necessary to supply a current continuously, and in such volatile memory, it is necessary to refresh. Moreover, 
since all information is lost as turning off the power, it is necessary to prepare the memory of a non- volatile as a 
means for recording the information other than these volatile memory for example, and a flash EEPROM, a 
magnetic hard disk drive unit, etc. are used. 
[0003] 

In these nonvolatile memory, improvement in the speed of access has been an importemt technical problem with 
improvement in the speed of information processing. Furthermore, information-machines-and-equipment 
development which can process information always anywhere and which aimed at the so-called ubiquitous 
computing is furthered quickly [ ** ] with rapid spread and high-performance-izing of a portable information 
device. As a key device which takes the lead in such information-machines-and-equipment development, 
development of the nonvolatile memory corresponding to high-speed processing is called for strongly. 
[0004] 

The magnetic random access memory (henceforth MRAM;Magnetic random access memory) by which the 
magnetic memory device which memorizes information as a technique effective in improvement in the speed of 
nonvolatile memory according to the magnetization direction in alignment with the easy axis of a ferromagnetic 
layer was arranged in the shape of a matrix is known. In MRAM, information is memorized using the 
combination of the magnetization direction in two ferromagnetics. On the other hand, read-out of storage 
information is performed by detecting resistance change (namely, change of a current or an electrical potential 
difference) produced by the case where they are the case where the magnetization direction is parallel, and anti- 
parallel to the direction used as a certain criteria. 
[0005] 

MRAM by which current utilization is carried out uses the huge magnetic-reluctance (GMR;Giant magneto- 
resistive) effectiveness. As MRAM using the GMR component from which the OMR effectiveness is acquired, 
what was indicated by U.S. Pat. No. 5343422 is known. When the magnetization direction in two parallel 
magnetic layers which met in the direction of an easy axis is mutually parallel to the GMR effectiveness, it is 
the phenomenon in which resistance turns into the minimum value and becomes with maximum in anti-parallel. 
There are a coercive force difference type (false spin bulb mold-seudo spin valve mold) and an exchange bias 
mold (spin bulb;spin valve mold) in MRAM using a GMR component. A GMR component has two 
ferromagnetic layers and the non-magnetic layer pinched among them, and coercive force difference type 
MRAM performs a store and read-out of information using the coercive force difference of two ferromagnetics. 
Here, resistance rate of change in case a GMR component has the configuration of "a ferronickel alloy (NiFe) / 
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copper (Cu) / cobalt (Co)" is about 6 - 8% of small value. On the other hand, a GMR component has the fixed 
bed to which the magnetization direction was fixed by antiferromagnetism association with an 
antiferromagnetism layer, the fi-ee layer fi"om which the magnetization direction changes with external magnetic 
fields, and the non-magnetic layer pinched among them, and MRAM of an exchange bias mold performs a store 
and read-out of information using the difference in the magnetization direction of the fixed bed and a firee layer. 
For example, although the resistance rate of change at the time of setting the configuration of a GMR 
component to "platinum manganese (PtMn) / cobalt iron (CoFe) / copper (Cu)/CoFe" is about 10% and showed 
the bigger value than a coercive force difference type, it was inadequate for attaining the further improvement in 
storage speed, and the improvement in an access rate. 
[0006] 

In order to solve these points, MRAM which has a TMR component using a tunnel magneto-resistive effect 
(henceforth the TMR effectiveness) is proposed. The TMR effectiveness is the effectiveness that the tunnel 
current which passes an insulating layer by whenever [ angular relation / of the magnetization direction between 
two ferromagnetic layers which sandwiched the ultra-thin insulating layer (tunnel barrier layer) ], and flows 
changes. When the magnetization direction in two ferromagnetic layers is mutually parallel, resistance serves as 
min and, in £inti-parallel, becomes with max mutually. In the configuration of "CoFe / aluminum oxide / CoFe" 
in a TMR component, in MRAM using the TMR effectiveness, it is easy to take matching about 40%, since 
[ that it is high and ] resistance rate of change of resistance is large, when it combines with semiconductor 
devices, such as MOSFET. For this reason, as compared with MRAM which has a GMR component, a higher 
output is obtained easily and improvement in storage capacity or an access rate is expected. The method of 
memorizing information by the current field generated by passing a current to lead wire by changing the 
magnetization direction of the magnetic film of a TMR component in the predetermined direction is learned for 
MRAM using the TMR effectiveness. As an approach to read storage information, the method of detecting 
resistance change of a sink and a TMR component is learned in the current in the direction vertical to a tunnel 
barrier layer. In addition, about MRAM using the TMR effectiveness, U.S. Pat. No, 5629922 or JP,9-91949,A 
has a publication. 
[0007] 

[Patent reference 1] 

U.S. Pat. No. 5343422 description 

[Patent reference 2] 

U.S. Pat, No. 5629922 description 

[Patent reference 3] 

JP,9-91949,A 

[0008] 

[Problem(s) to be Solved by the Invention] 

As described above, in MRAM using the TMR effectiveness, a high increase in power can be attained rather 
than MRAM using the GMR effectiveness. However, even if it is MRAM using the TMR component which 
shows about 40% of the above resistance rate of change, since output voltage is about dozens of mV, it is 
inadequate for realizing a higher-density magnetic memory device. 
[0009] 

Drawing 32 is a top view explaining the configuration in the magnetic memory device using the conventional 
TMR effectiveness, and drawing 33 shows tiae important section cross-section configuration of the conventional 
magnetic memory device corresponding to drawing 32 . Read-out and the write-in word line 1 12,106, and the 
bit line 105 lie at right angles mutually, and the TMR component 120 which consists of the 1st magnetic layer 
102, a tunnel barrier layer 103, and the 2nd magnetic layer 104 so that it may be inserted into the rectangular 
part is arranged. In MRAM of the type with which such the write-in bit line 105 and the write-in word line 106 
intersect perpendicularly, it was difficult to perform the store which could not fully arrange the magnetization 
direction in the 2nd magnetic layer 104 which is a free layer, but was fiiUy stabilized. 
[0010] 

Moreover, although information is memorized to each storage cell in MRAM using the TMR effectiveness by 
changing the magnetization direction of a magnetic film by the induction field by the current which flows the 
lead wire by which rectangular arrangement was carried out, i.e., a current field, since this current field is an 
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open (not magnetically shut up in a specific field) field, while being low effectiveness, we are anxious also 

about the adverse effect to the storage cell which adjoined. 

[0011] 

Furthermore, although micrifying of a TMR component becomes indispensable when integrating a memory cell 
highly more and attaining further densification of a magnetic memory device, we are anxious about the 
following problems. That is, when the aspect ratio (width of face of thickness / laminating side inboard) of each 
magnetic layer in a TMR component becomes large, an anti-field increases, the magnetic field strength for 
changing the magnetization direction of a free layer increases, and it is thought that a write-in big current is 
needed. 
[0012] 

This invention was made in view of this trouble, and the 1st object of this invention is to offer the magneto- 
resistive effect component which uses a more powerful field efficiently and is carried in the magnetic memory 
device and it in which the stable store is possible. The 2nd object has had the adverse effect on the storage cell 
which adjoined to offer the magneto-resistive effect component carried in little magnetic memory device and it. 
Furthermore, the 3rd object is to offer the approach for manufacturing such a magnetic memory device easily. 
[0013] 

[Means for Solving the Problem] 

The magneto-resistive effect component of this invention is equipped with the annular magnetic layer 
constituted so that it might pierce with two or more lead wire while it is arranged in one field side of the layered 
product constituted so that a current might flow in the direction vertical to a laminating side including the 
magnetosensitive layer from which the magnetization direction changes by the external magnetic field, and this 
layered product so that the direction along a laminating side may be made into shaft orientations. The condition 
of having closed is shown while annular [ in this invention / "annular" ] is continuation magnetically and 
electrically. Therefore, although an insulator with which, as for an annular magnetic layer, a current does not 
flow is not included, the oxide film of extent generated in a production process may also be included. 
[0014] 

With the magneto-resistive effect component of this invention, by the above-mentioned configuration, the 
magnetic path closed by passing a current to two or more lead wire can be formed, and flux reversal of a 
magnetosensitive layer can be performed efficiently. 
[0015] 

Two or more 2nd write-in lines prolonged so that the magnetic memory device of this invention may intersect 
two or more 1st write-in lines and the 1st write-in line of these plurality, respectively. It has two or more 
magneto-resistive effect components which contain the layered product constituted so that a current might flow 
in the direction vertical to a laminating side including the magnetosensitive layer from which the magnetization 
direction changes by the extemal magnetic field, respectively. While this magneto-resistive effect component is 
arranged so that the direction which met the laminating side at one field side of a layered product may be made 
into shaft orientations, it is made to contain the annular magnetic layer constituted so that it might pierce by the 
1st write-in line and the 2nd write-in line. 
[0016] 

In the magnetic memory device of this invention, by the above-mentioned configuration, the magnetic path 
closed by passing a current can be formed in the both sides of the 1st and 2nd write-in lines, and flux reversal in 
tfie magnetosensitive layer of a magneto-resistive effect component can be efficiently performed to them. 
[0017] 

The manufacture approach of the magnetic memory device of this invention Two or more 1st write-in lines. The 
write-in track group containing two or more 2nd write-in lines prolonged so that the 1st write-in line of these 
plurality may be intersected, respectively. The process which is an approach for manufacturing the magnetic 
memory device equipped with the magneto-resistive effect component which has a layered product containing 
the magnetosensitive layer from which the magnetization direction changes, and forms the 1 st write-in line on 
the 1st insulating layer by the extemal magnetic field, The process which forms the 2nd insulating layer so that 
the part and perimeter of the 1st write-in line may be covered. The process which forms the 2nd write-in line on 
this 2nd insulating layer, and by etching selectively the 2nd insulating layer and the 1st write-in line, and 
removing them by using this 2nd write-in line as a mask It is made to include the process which forms the 
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laminated structure to which the 1 st and 2nd write-in lines extend in parallel mutually on both sides of an 
insulating layer in self align. Here, the insulating layer inserted by the 1st write-in line and the 2nd write-in line 
in the laminated structure corresponds to the 2nd insulating layer. Furthermore, the parallel in this invention 
include **10 degrees of error range on manufacture. 
[0018] 

By the manufacture approach of the magnetic memory device of this invention, since it was made to include the 
process which forms the laminated structure which extends in parallel in self align, high processing of 
alignment precision is attained and simplification can be further attained as the whole production process. 
Moreover, it is desirable to connect the layered product to an annular magnetic layer and an electric target. 
[0019] 

It is desirable to consist of magneto-resistive effect components of this invention so that two or more lead wire 
may be mutually prolonged in parallel in the field which pierces through £in annular magnetic layer. By carrying 
out like this, the synthetic field produced by passing a current to two or more lead wire can be made larger than 
the case where two or more write-in lines cross mutually, and flux reversal in a magnetosensitive layer can be 
performed more efficiently. 
[0020] 

You may constitute fi"om a magneto-resistive effect component of this invention so that a part of annular 
magnetic layer may serve as a magnetosensitive layer. Or a magnetosensitive layer is prepared in another object 
with an aimular magnetic layer, and a magnetosensitive layer and an annular magnetic layer may be made to 
carry out switched connection magnetically. Furthermore, you may make it arrange the nonmagnetic conductive 
layer for carrying out antiferromagnetism association of a magnetosensitive layer and the annular magnetic 
layer between a magnetosensitive layer and an annular magnetic layer. 
[0021] 

Furthermore, with the magneto-resistive effect component of this invention, information may be made to be 
detected based on the current to which a layered product flows in the direction vertical to the laminating side of 
a layered product including a non-magnetic layer, the 1st magnetic layer by which the laminating was carried 
out and the magnetization direction was fixed to the one side of this non-magnetic layer, and the 2nd magnetic 
layer which fiinctions as magnetosensitive layers from which a laminating is carried out to the 1st magnetic 
layer and opposite hand of a non-magnetic layer, and the magnetization direction changes with external 
magnetic fields. In this case, you may make it a non-magnetic layer consist of an insulating layer which may 
produce the tunnel effect. 
[0022] 

Moreover, it is desirable to have coercive force with a bigger magnetosensitive layer than an annular magnetic 
layer with the magneto-resistive effect component of this invention. Thereby, the magnetization direction of a 
magnetosensitive layer is more stable. Moreover, the 3rd magnetic layer of the antiferromagnetism which 
carried out switched connection to the 1st magnetic layer may be made to be arranged with the non-magnetic 
layer of the 1 st magnetic layer in an opposite hand. Moreover, the 1 st magnetic layer and the 4th magnetic layer 
which carried out switched connection may be made to be arranged between the 1st magnetic layer and a non- 
magnetic layer. In this case, the 2nd nonmagnetic conductive layer for carrying out antiferromagnetism 
association of the 1 st magnetic layer and 4th magnetic layer may be made to be arranged between the 1 st 
magnetic layer and the 4th magnetic layer. 
[0023] 

It is desirable to consist of magnetic memory devices of this invention, as the 1st write-in line and the 2nd 
write-in line are mutually prolonged in parallel in the field which pierces through an annular magnetic layer. By 
carrying out like this, the synthetic field produced by passing a current to the 1st and 2nd lead wire can be made 
larger than the case where the 1st and 2nd write-in lines cross mutually, and flux reversal in the 
magnetosensitive layer of a magneto-resistive effect component can be performed more efficiently. 
[0024] 

You may constitute from a magnetic memory device of this invention so that a part of annular magnetic layer 
may serve as a magnetosensitive layer. Or a magnetosensitive layer is prepared in another object with an 
annular magnetic layer, and a magnetosensitive layer and an annular magnetic layer may be made to carry out 
switched connection magnetically. Furthermore, you may make it arrange the nonmagnetic conductive layer for 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 9/2 1/2005 



JP,2004-1 1 1887,A [DETAILED DESCRIPTION] 



Page 5 of 25 



carrying out antiferromagnetism association of a magnetosensitive layer and the annular magnetic layer 

between a magnetosensitive layer and an annular magnetic layer. 

[0025] 

In the magnetic memory device of this invention, the magnetization direction of the 2nd magnetic layer may be 
made to be detected based on the cvirrent to which a layered product flows in the direction vertical to the 
laminating side of a layered product including a non-magnetic layer, the 1st magnetic layer by which the 
laminating was carried out and the magnetization direction was fixed to the one side of this non-magnetic layer, 
and the 2nd magnetic layer which a laminating is carried out to the 1st magnetic layer and opposite hand of a 
non-magnetic layer, and functions as magnetosensitive layers. In this case, it is desirable to have coercive force 
with the 2nd bigger magnetic layer than an annular magnetic layer. Thereby, it is because the magnetization 
direction of the 2nd magnetic layer is more stable. Furthermore, it is desirable to have coercive force with the 
1st bigger magnetic layer than the 2nd magnetic layer in this case. This is because the magnetization direction 
in the 1st magnetic layer is maintained in the fixed direction. 
[0026] 

In the magnetic memory device of this invention, fiirther, while the 3rd magnetic layer of the 
antiferromagnetism which carried out switched connection to the 1st magnetic layer in the opposite hand is 
arranged with the non-magnetic layer of the 1 st magnetic layer in the above-mentioned case, the 1 st magnetic 
layer and the 4th magnetic layer which carried out switched connection may be made to be arranged between 
the 1st magnetic layer and a non-magnetic layer. Furthermore, the non-magnetic layer conductive layer for 
carrying out antiferromagnetism association of the 1st magnetic layer and 4th magnetic layer may be made to be 
arranged between the 1st magnetic layer and the 4th magnetic layer. 
[0027] 

Moreover, you may constitute from a magnetic memory device of this invention so that a non-magnetic layer 

may consist of an insulating layer which may produce the tunnel effect. 

[0028] 

By the magnetic memory device of this invention, the parallel part in the 1st and 2nd write-in lines mutually 
prolonged in parallel may be formed further again by making at least one side of the 1 st and 2nd write-in lines 
crooked. In that case, while one side of the 1st and 2nd write-in lines extends in the shape of a square wave, 
another side extends in the shape of a straight line, and square wave-like a standup part and a falling part can 
respond to a parallel part. In this case, the 1 st or 2nd crooked write-in line may be constituted including two 
hierarchy parts each other connected through the interlayer connection layer which consists of an electrical 
conducting material. 
[0029] 

Furthermore, in the magnetic memory device of this invention, it has two or more read-out lines for passing a 
read-out current in the direction vertical to the laminating side of the layered product in each magneto-resistive 
effect component, the magnetization direction of a magnetosensitive layer is detected based on the current 
which flows to a layered product, and the reading appearance of the information may be made to be carried out. 
[0030] 

By the manufacture approach of the magnetic memory device of this invention The process in which the 
process which forms the 1st write-in line forms a part [****/ the 2nd write-in line / among the 1st write-in 
line / im-]. The process which forms the 3rd insulating layer so that a part [****/ the 2nd write-in line of the 
1st write-in line / un-] and its perimeter may be covered, After forming the beer hall linked to the edge of a part 
[****/ the write-in line of / 2nd / the 1st write-in line / un-] in the 3rd insulating layer, by embedding an 
electrical conducting material in this beer hall The process which forms a layer flow layer, and on the 3rd 
insulating layer, the inside of the 1st write-in line. Between parts and parallel parts by connecting by the layer 
flow layer including the process formed so that the edge may be connected to the upper part of a layer flow 
layer [****/ the write-in line of / 2nd / the 1st write-in line / un-] The 1 st write-in line is made crooked also not 
only in the direction of a film surface but in the direction of a laminating, and you may make it form it. 
[0031] 

By the manufacture approach of the magnetic memory device of this invention Furthermore, when a magnetic 
memory device is fiirther equipped with the annular magnetic layer in which the 1 st write-in line and the 2nd 
write-in line enclose annularly a part of parallel part [ at least ], it sets. The process which forms the 1st annular 
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magnetic layer part in the field corresponding to a part of parallel part [ at least ] in the 1 st above the 3rd 
insulating layer, and the 2nd write-in line selectively mutually, The process which forms the 4th insulating layer 
so that the side face and top face of this laminated structure may be covered after forming the laminated 
structure in the parallel part of the 1 st and 2nd write-in lines, You may make it include the process which forms 
the aimular magnetic layer which consists of the 1st and 2nd annular magnetic layer parts by forming the 2nd 
annular magnetic layer part so that the 4th side face and top face of an insulating layer may be selectively 
connected with the 1 st annular magnetic layer part with a wrap. 
[0032] 

[Embodiment of the Invention] 

Hereafter, the gestalt of operation of this invention is explained to a detail with reference to a drawing. 

[0033] 

[The gestalt of the 1st operation] 

First, the configuration of the magnetic memory device which starts the gestalt of the 1st operation with 

reference to drawing 1 thru/or drawing 7 is explained. 

[0034] 

Drawing 1 expresses the magnetic whole memory device configuration in the gestalt of this operation. The 
magnetic memory device is equipped with an address buffer 51 , a data buffer 52, the control logic 53, the 
storage cell group 54, the 1st actuation control circuit section 56, the 2nd actuation control circuit section 58, 
the extemal address input terminals A0-A20, and the extemal data terminals D0-D7. 
[0035] 

The storage cell group 54 has the matrix structure arranged in the direction of a word line (the direction of X) 
and the direction of a bit line (the direction of Y) in which the storage cell 1 equipped with the tunnel magneto- 
resistive effect component (henceforth a TMR component) intersects perpendicularly mutually. [ much ] A 
storage cell 1 is behind explained in fiiU detail about this, although it is the smallest unit which memorizes data 
in a magnetic memory device. 
[0036] 

An address buffer 51 incorporates the address signal fi"om the outside fi-om the extemal address input terminals 
A0-A20, and amplifies it to the voltage level which is needed with the buffer amplifier with which the interior 
was equipped in the 1st and the 2nd actuation control circuit section 56, and the address decoder circuits 56A 
and 58B in 58. Furthermore, an address buffer 51 functions as outputting to the 2nd actuation control circuit 
section 58 through the direction address line 57 of Y while outputting the amplified address signal to the 1st 
actuation control circuit section 56 through the direction address line 55 of X by dividing into two. 
[0037] 

After amplifying a data buffer 52 with the buffer amplifier which equipped the interior with the information 
signal recorded when reading the information signal memorized by the storage cell group 54, it is outputted to 
the extemal data terminals D0-D7 by low impedance. Furthermore, in case write-in actuation to the storage cell 
group 54 is performed, the signal level of the extemal data terminals D0-D7 is incorporated, and after 
amplifying to the voltage level which is needed with an internal buffer amplifier in the 1st and the 2nd actuation 
control circuit section 56, and the cxirrent drive circuits 56C and 58C in 58, it fimctions as transmitting to the 
current drive circuits 56C and 58C through the data bus 60 for the direction store of X, and the data bus 61 for 
the direction store of Y. 
[0038] 

The control logic section 53 incorporates the signal level fi'om the chip select terminal CS which chooses what 
is made into read-out and a write-in object from two or more storage cell groups 54, and the signal level from 
the write enable terminal WE which fimctions as outputting a write-permission signal, and functions as 
outputting output-control signal 53A towards a data buffer 52. 
[0039] 

The 1st actuation control circuit section 56 has address decoder circuit 56 A in the direction of Y, sense 
amplifier circuit 56B, and current drive circuit 56C, and the 2nd actuation control circuit section 58 has address 
decoder circuit 58A in the direction of X, current regulator circuit 58B, and current drive circuit 58C. 
[0040] 

The address decoder circuits 56 A and 58 A choose later WORD decoding Hne 7 IX and bit decoding line 71 Y 
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according to the inputted address signal. Sense amplifier circuit 56B and current regulator circuit 58B are 
circuits driven in case read-out actuation is performed, and the current drive circuits 56C and 58C are circuits 
driven in case write-in actuation is performed. 
[0041] 

Sense amplifier circuit 56B and the storage cell group 54 are connected by two or more bit decoding line 71 Y to 
which a sense current flows in the case of read-out actuation. Similarly, current regulator circuit 5 88 and the 
storage cell group 54 are connected by two or more later WORD decoding line 71X to which a sense current 
flows in the case of read-out actuation. 
[0042] 

Current drive circuit 56C and the storage cell group 54 are connected through the later write-in bit line 5 which 
is needed in the case of write-in actuation. Similarly, current drive circuit 58C and the storage cell group 54 are 
connected through the later write-in word line 6 which is needed in the case of write-in actuation. 
[0043] 

The data bus 62 for the direction read-out of Y Sanctions as transmitting the output fi-om sense amplifier circuit 

56B of the direction of Y to output-buffer 52B of a data buffer 52. 

[0044] 

Drawing 2 expresses notionally the physical relationship of two or more write-in bit lines 5 which can be set in 
the storage cell group 54, the write-in word line 6, and a storage cell 1 , As shown in drawing 2 , while one 
write-in word line 6 extends in the shape of a square wave, the write-in bit line 5 of another side has extended in 
the shape of a straight line. Square wave-like the standup part and falling part in the write-in word line 6 form 
two or more parallel parts 10 with the write-in bit line 5. The storage cell 1 is formed in the crossing field of the 
write-in bit line 5 and the write-in word line 6 so that a part of each parallel part [ at least ] 10 may be 
surrounded. Here, that the storage cell 1 is formed in the crossing field contains, also when the storage cell 1 is 
formed next to intersectional. In the write-in bit line 5 and the write-in word line 6, the current from the current 
drive circuits 56C and 58C flows, respectively. About the write-in actuation to the storage cell 1 using the bit 
line 5 write-in [ these ] and the write-in word line 6, it mentions later. 
[0045] 

Next, with reference to drawing 3 , the circuitry concerning the read-out actuation in the magnetic memory 

device of the gestalt of this operation is explained. 

[0046] 

Drawing 3 shows the important section circuitry of the part conceming read-out actuation. By the storage cell 
group 54, it extends in the direction of X, and two or more read-out word lines 12 located in a line in the 
direction of Y at equal intervals and two or more read-out bit lines 13 which were prolonged in the direction of 
Y and located in a line in the direction of X at equal intervals intersect perpendicularly, and it is arranged in the 
shape of a grid. To each field to which the read-out word line 12 and the read-out bit line 13 intersected 
perpendicularly, two or more storage cells 1 are arranged at equal intervals. While the end is connected to the 
read-out word line 12, respectively, as for each storage cell 1, the other end is connected to the read-out bit line 
13, respectively. 
[0047] 

The TMR component 20 is formed in each storage cell 1. The condition of either a high resistance condition or 
a low resistance condition is chosen by the magnetization direction [ in / in the TMR component 20 / two 
internal ferromagnetic layers ]. About the detail of a storage cell 1, it mentions later. 
[0048] 

As for the end of the read-out word line 12, the word line selecting switch 74 is connected, respectively. It 
connects also with the current-limiting resistance 76, and this word line selecting switch 74 chooses either while 
connecting with WORD decoding line 7 IX. The current-limiting resistance 76 has the fimction to adjust the 
magnitude of a read-out current, and the edge of an opposite hand is groxmded in the word line selecting switch 
74. The end of the read-out bit line 13 is connected to the bit line selecting switch 73, respectively, and the other 
end is grounded, respectively. It connects also with the current potential conversion resistance 72, and the bit 
line selecting switch 73 chooses either while connecting with bit decoding line 71 Y. This current potential 
conversion resistance 72 fimctions as taking out a read-out current as electrical-potential-difference change. 
[0049] 
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In the magnetic memory device which has such circuitry, based on a sink and this read-out current, the 
magnetization direction of the annular magnetic layer 4 is detected in a read-out current in the direction vertical 
to the laminating side of the layered product containing the 1st magnetic layer 2 in each TMR component 20, 
the magnetosensitive layer constituted as a part of annular magnetic layer 4, and the tunnel barrier layer 3, and 
reading appearance of the information is carried out. This annular magnetic layer 4 is constituted so that the 
pxmcturing direction at the time of observing annular magnetic layer 4 simple substance as shown in later 
drawing 7 , i.e., the shaft orientations of the annular magnetic layer 4, may turn into a direction along the 
laminating side of the TMR component 20 which is a layered product. The configuration of such an annular 
magnetic layer 4 is the same also in the gestalt, modification, and example of other operations mentioned later. 
About concrete read-out actuation, it mentions later. 
[0050] 

Then, the detailed configuration of a magnetic memory device is explained with reference to drawing 4 thru/or 

drawing 7 (A). 

[0051] 

Drawing 4 and drawing 5 express the important section flat-surface configuration of the storage cell group 54. 
The write-in bit line 5, the write-in word line 6, and storage cell 1 which were shown in drawing 4 correspond 
with drawing 2 . Drawing 6 is the amplification perspective view of a storage cell 1 . Drawing 7 (A) is the 
sectional view showing the configuration of the cutting plane which met the A-A line of the storage cell 1 
shown in drawing 4 . 
[0052] 

As shown in drawing 4 , the magnetic memory device of the gestalt of this operation contains two or more 
write-in bit lines 5 and two or more write-in word lines 6 prolonged so that two or more of these write-in bit 
lines 5 may be intersected, respectively. The magnetic memory device is constituted so that it may have the 
parallel part 1 0 to which the bit line 5 write-in [ these ] and the write-in word line 6 extend in parallel mutually 
to the field to which the write-in bit line 5 and the write-in word line 6 cross. Furthermore, the TMR component 
20 is arranged at a parallel part 10, by the field (namely, setting to the annular magnetic layer 4 external 
magnetic field) which produces the both sides of the write-in bit line 5 in these parallel parts 10, and the write- 
in word line 6 according to the flowing current, the magnetization direction of the annular magnetic layer 4 
which makes a part of TMR component 20 changes, and information is memorized. 
[0053] 

As shown in drawing 4 , two or more write-in bit lines 5 of the shape of a straight line prolonged in the 
direction of Y are located in a line in the direction of X at equal intervals, and specifically, the write-in word 
line 6 which extended in the shape of a square wave is formed in XY flat surface so that two or more of these 
write-in bit lines 5 may be intersected, respectively. Square wave-like the standup part and falling part of the 
write-in word line 6 form the write-in bit line and the parallel part 10. Although formed in the location which 
was mostly in agreement in XY flat surface, the write-in bit line 5 and the write-in word line 6 consist of 
parallel parts 10 so that it may have spacing with the write-in bit line 5 and the write-in word line 6 fixed to Z 
shaft orientations. In addition, in drawing 4 , in order to meike legible the configuration of the write-in word line 
6, some write-in bit lines 5 are omitted and illustrated. 
[0054] 

Furthermore, as shown in drawing 6 , the write-in word line 6 has two hierarchy parts formed in a different field 
in a Z direction, i.e., up write-in word line 6U and lower write-in bit line 6B, and is mutually connected through 
the interlayer connection layer 1 7 which consists of electrical conducting materials, such as aluminum 
(aluminum), respectively. This interlayer connection layer 17 is one example of the "layer flow layer" in this 
invention. In addition, in drawing 6 , the graphic display of the read-out word line 13 is omitted. 
[0055] 

The write-in bit line drawer electrode 42 is formed in the ends of two or more write-in bit lines 5, respectively, 
the write-in bit line drawer electrode 42 — respectively — on the other hand, it connects with current drive 
circuit 56C, and it connects so that another side may be grounded eventually. Similarly, the write-in WORD 
wire-drawing outgoing-call pole 41 is established in the ends of two or more write-in word lines 6, respectively, 
the write-in WORD wire-drawing outgoing-call pole 41 — respectively — on the other hand, it connects with 
current drive circuit 58C, and it connects so that another side may be groimded eventually. 
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[0056] 

The storage cell 1 arranged as shown in drawing 4 is arranged in each crossing of two or more read-out word 
lines 12 which can be set at XY flat surface, and two or more read-out bit lines 13 as shown in drawing 5 . Here, 
the top face (TMR component 20 side) of a storage cell 1 touched the read-out bit line 13, and the xmderside 
(the TMR component 20 is an opposite hand) is in contact with the read-out word line 12. 
[0057] 

Drawing 7 (A) expresses the cross-section configuration in the A-A cutting plane line of the storage cell 1 

shown in drawing 4 and drawing 6 . 

[0058] 

As shown in drawing 7 (A), a storage cell 1 has the TMR component 20, the write-in bit line 5, the write-in 
word line 6, and an insulator layer 7, and it is formed so that it may be inserted between the read-out word line 
12 and the read-out bit line 13. The TMR component 20 was formed annularly and equipped with the layered 
product constituted so that a current might flow in the direction vertical to a laminating side including the 
annular magnetic layer 4 constituted so that it might pierce with two or more lead wire, and the 
magnetosensitive layer constituted as a part of this annular magnetic layer 4. A layered product the TMR 
component 20 specifically The tunnel barrier layer 3, The 1st magnetic layer 2 by which the laminating was 
carried out and the magnetization direction was fixed to the one side of this tunnel barrier layer 3, Based on the 
current which flows in the direction vertical to the laminating side of this layered product, the magnetization 
direction of the annular magnetic layer 4 as a magnetosensitive layer is detected including a part of annular 
magnetic layer 4 which fimctions as a magnetosensitive layer firom which a laminating is carried out to the 1st 
magnetic layer 2 and opposite hand of the tunnel barrier layer 3, and the magnetization direction changes with 
extemal magnetic fields. 
[0059] 

If the TMR component 20 impresses an electrical potential difference to a laminating side perpendicularly 
between the 1st magnetic layer 2 and the annular magnetic layer (magnetosensitive layer) 4, for example the 
electron of the 1st magnetic layer 2 will run through the tunnel barrier layer 3, it will move to the annular 
magnetic layer (magnetosensitive layer) 4, and tunnel current will flow. This tunnel current changes with the 
relative include angles of the spin of the 1st magnetic layer 2 and the spin of the aimular magnetic layer 
(magnetosensitive layer) 4 in an interface part with the tunnel barrier layer 3. Namely, when the spin of the 1st 
magnetic layer 2 and the spin of the annular magnetic layer (magnetosensitive layer) 4 are mutually parallel, 
resistance serves as min, and resistance serves as max at the time of anti-parallel. Magnetic-reluctance rate of 
change (MR ratio) is defined like a formula (1) using these resistance. 
[0060] 

(MR ratio) =dR/R .... (1) 
[0061] 

"dR" is the difference of resistance with the case where they are the case where spin is mutually parallel, and 

anti-parallel here, and "R" is resistance in case spin is anti-parallel mutually. 

[0062] 

It depends for the resistance (henceforth tunnel resistance Rt) over tunnel current to the thickness T of the 
tunnel barrier layer 3 strongly. In a low-battery field, tunnel resistance Rt increases exponentially to the 
thickness T of the tunnel barrier layer 3, as shown in the formula (2). 
[0063] 

Rt**exp (2chiT), chi={8pi2m*(phi-Ef) 0.5} /h .... (2) 
[0064] 

Here, in barrier height and "m*", an electronic effective mass and "Ef * express Fermi energy, and h expresses 
[ "phi" ] a Planck's constant. Generally, in the memory device using a TMR component, in order to aim at 
matching with semiconductor devices, such as a transistor, it is supposed that tunnel resistance Rt is [ about 
several lOkomega-(micrometer) 2 ] suitable. However, in order to attain densification in a magnetic memory 
device, and high-speed-ization of operation, it is desirable lOkohm (micrometer) and that tunnel resistance Rt 
takes still more preferably for Ikohm (micrometer) and 2 or less two or less. Therefore, in order to realize the 
above-mentioned tunnel resistance Rt, it is desirable to set still more preferably thickness T 2nm or less of the 
tunnel barrier layer 3 to 1.5nm or less. 
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[0065] 

While tunnel resistance Rt can be reduced by making thin thickness T of the tunnel barrier layer 3, since the 
leakage current resulting from the irregularity of a junction interface with the 1st magnetic layer 2 and the 
annular magnetic layer (magnetosensitive layer) 4 arises, MR ratio will fall. In order to prevent this, thickness T 
of the tunnel barrier layer 3 needs to have the thickness which is extent to which leakage current does not flow, 
and it is desirable that it is specifically the thickness of 0.3nm or more. 
[0066] 

As for the TMR component 20 shown in drawing 7 (A), it is desirable to be constituted so that it may have 
coercive force difference type structure and the way of the coercive force of the 1st magnetic layer 2 may 
become larger than the coercive force of the annular magnetic layer (magnetosensitive layer) 4. As for the 
coercive force of the 1st magnetic layer 2, it is desirable that it is larger than x(50/4pi) 103 A/m, and, 
specifically, it is especially (100/4pi) desirable that it is more than xl03 A/m, By carrying out like this, the 
magnetization direction in the 1st magnetic layer 2 can prevent being influenced of an unnecessary field by an 
extemal **** field etc. The 1st magnetic layer 2 consists of a cobalt iron alloy (CoFe) with a thickness of 5nm. 
Otherwise, it is possible to apply the cobalt (Co) of a simple substance, a cobalt platinum alloy (CoPt), a 
ferronickel cobalt alloy (NiFeCo), etc. to the 1st magnetic layer 2. moreover, the easy axis of the 1st magnetic 
layer 2 and the annular magnetic layer (magnetosensitive layer) 4 ~ the magnetization direction of the 1st 
magnetic layer 2 and the annular magnetic layer (magnetosensitive layer) 4 — mutual — parallel — or — anti — 
an parallel thing is desirable in order to make it stabilize in the condition of becoming parallel. 
[0067] 

The annular magnetic layer (magnetosensitive layer) 4 has extended so that a part of parallel part [ at least ] 10 
in the write-in bit line 5 and the write-in word line 6, i.e., field which pierces through the annular magnetic layer 
(magnetosensitive layer) 4, may be surroimded annularly, and it is constituted so that a reflux field may produce 
this parallel part 10 in the annular magnetic layer 4 interior according to the flowing current. This annular 
magnetic layer 4 is a storage layer which memorizes information, the magnetization direction of the annular 
magnetic layer 4 is reversed by the above-mentioned reflux field, and informational storage is made by it. The 
thickness of the direction of a cross section in the part as a magnetosensitive layer which the annular magnetic 
layer 4 consists for example, of a ferronickel alloy (NiFe), and makes a part of TMR component 20 is 20nm. 
The range of the coercive force of the annular magnetic layer 4 is not more than more than x(50/4pi) 103 A/m 
(100/4pi) xl03 A/m, and it is still more desirable to be constituted so that it may become smaller than the 
coercive force of the 1st magnetic layer 2. (50/4pi) It is because the magnetization direction in the annular 
magnetic layer 4 may be disturbed in the coercive force below xl03 A/m by the field with an unnecessary 
extemal **** field etc. It is because degradation of TMR component 20 the very thing may arise on the other 
hand by generation of heat which originates in buildup of a write-in current in coercive force which exceeds x 
(100/4pi) 103 A/m. Moreover, in order to centralize the current field by the write-in bit line 5 and the write-in 
word line 6 on the annular magnetic layer 4, the larger one of the permeability of the annular magnetic layer 4 is 
desirable. It is 2000 or more and, specifically, is 6000 or more more preferably. 
[0068] 

The write-in bit line 5 and the write-in word line 6 all have the structure where the laminating of the titanium 
(Ti) of lOnm thickness, the titanium nitride (TiN) of lOimi thickness, and the aluminum (aluminvim) of 500nm 
thickness was carried out to order, and are mutually insulated electrically by the insulator layer 7. You may 
make it the write-in bit line 5 and the write-in word line 6 consist of at least one sort in aluminum (aluminum), 
copper (Cu), and a tungsten (W). 
[0069] 

Next, the actuation in the magnetic memory device of the gestalt of this operation is explained. 
[0070] 

First, with reference to drawing 2 and drawing 7 (B), and (C), the write-in actuation in a storage cell 1 is 
explained. Drawing 7 (B) and (C) are the cross sections in the A-A cutting plane line of the storage cell 1 shown 
in drawing 4 and drawing 6 , and express the relation between the direction of a current, and the magnetization 
direction. 
[0071] 

Mutually, drawing 7 (B) and (C) show the case for which a storage cell 1 is passed where a write-in current 
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flows in the same direction mutually to the parallel write-in bit line 5 and the parallel write-in word line 6, and 
correspond to the condition of storage cell 1 A in drawing 2 . Drawing 7 (B) showed the case where a write-in 
current flowed in the direction of Y toward the back from this side in the direction vertical to space, and the 
reflux field has generated the interior of the einnular magnetic layer 4 in the direction of a clockwise rotation. On 
the other hand, drawing 7 (C) showed the case where a write-in current flowed in the direction of -Y toward this 
side from the back in the direction vertical to space, and the reflux field has generated the interior of the annular 
magnetic layer (magnetosensitive layer) 4 in the counter clockwise direction. Thus, if a current flows in the 
same direction, it will be reversed to the write-in bit line 5 and the write-in word line 6, and the magnetization 
direction of the annular magnetic layer 4 will record 0 or 1 on them. For example, when the condition of 
drawing 7 (B) is set to 0, the condition of drawing 7 (C) is identified as 1 . Here, when a write-in current flows 
to hard flow mutually like the condition of storage cell IB shown in drawing 2 , or when a write-in current 
flows only to either, the magnetization direction of the annular magnetic layer 4 is not reversed, but rewriting of 
data is performed. 
[0072] 

Next, with reference to drawing 1 and drawing 3 , the read-out actuation in a magnetic memory device is 
explained. First, one of two or more bit decoding line 71Y is chosen by address decoder circuit 56 A in the 1st 
actuation control circuit section 56, and the corresponding bit line selecting switch 73 of a part drives. The 
selected bit line selecting switch 73 will be in an energization condition, a read-out current flows to the read-out 
bit line 13, and electropositive potential is given to the TMR component 20 side of a storage cell 1. One of two 
or more WORD decoding line 7 IX is similarly chosen by address decoder circuit 58 A in the 2nd actuation 
control circuit section 58, and the corresponding word line selecting switch 74 of a part drives. The selected 
word line selecting switch 74 will be in an energization condition, a read-out cvirrent flows to the read-out word 
line 12, and, as for the TMR component 20 of a storage cell 1 , electronegative potential is given to an opposite 
hand. Therefore, a read-out current required for read-out can be passed to one storage cell 1 chosen by address 
decoder circuit 56A and address decoder circuit 58A. Based on this read-out current, the magnetization 
direction of the annular magnetic layer (magnetosensitive layer) 4 can be detected, and the memorized 
information can be read. 
[0073] 

In the magnetic memory device of the gestalt of this operation, it is annularly formed of the above-mentioned 
configuration. Since it had the layered product constituted so that a current might flow in the direction vertical 
to a laminating side including the annular magnetic layer (magnetosensitive layer) 4 constituted so that it might 
pierce with the write-in bit line 5 and the write-in word line 6 While being able to form in the both sides of the 
write-in bit line 5 and the write-in word line 6 the magnetic path closed by passing a current and being able to 
perform efficiently flux reversal in the annular magnetic layer (magnetosensitive layer) 4 of the TMR 
component 20 Magnetic effect can be reduced to the storage cell which adjoined the storage cell made into a 
write-in object. Furthermore, since it constituted so that the write-in bit line 5 and the write-in word line 6 might 
be mutually prolonged in parallel in the field which pierces through the annular magnetic layer 
(magnetosensitive layer) 4 By passing a current to the write-in bit line 5 and the write-in word line 6, the 
synthetic field produced in the annular magnetic layer (magnetosensitive layer) 4 can be made larger than the 
case where these write-in lines cross mutually, and flux reversal in the annular magnetic layer 
(magnetosensitive layer) 4 can be performed more efficiently. 
[0074] 

Next, the manufacture approach of the magnetic memory device of the gestalt this operation which has the 

above configurations is explained, 

[0075] 

The manufacture approach of the magnetic memory device of the gestalt this operation The process which 
carries out flattening of that fi-ont face after forming insulator layer 7C so that the process which forms up write- 
in word line 6U on insulator layer 7B, and the field corresponding to the parallel part 10 of this up write-in 
word line 6U and its perimeter may be covered. The process which forms the write-in bit line 5 on insulator 
layer 7C by which flattening was carried out, and by etching insulator layer 7C selectively and removing it by 
using this write-in bit line 5 as a mask The process which forms the laminated structure 19 in the parallel part 
10 of the write-in bit line 5 and up write-in word line 6U in self align is included. Hereafter, it explains 
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concretely. 
[0076] 

With reference to drawing 8 thni/or drawing 23 , the formation approach of a storage cell 1 is mainly of the 
magnetic memory devices explained to a detail. In addition, drawing 8 (A) thru/or drawing 23 (A) express the 
cross-section configuration which met the A-A cutting plane line shown in drawing 4 , and drawing 8 (B) 
thru/or drawing 23 (B) express the cross-section configuration which met the B-B cutting plane line shown in 
drawing 4 . 
[0077] 

First, as shown in drawing 8 , the substrate 1 1 which consists of silicon (Si) is prepared, on this substrate 1 1 , a 
sputtering system etc, is used in order, the laminating of titanium (Ti), titanium nitride (TiN), and the aluminum 
(aluminum) is carried out, and multilayer 16B is formed. Next, after continuing and applying a predetermined 
resist to the whole surface, i line reduction stepper etc. is used and the resist pattem 31 of a predetermined 
configuration is formed. This resist pattem 31 is used as a mask, for example, reactive ion etching 
(RIE;Reactive lonEtching) is performed selectively, using boron trichloride (BC13) gas as reactant gas. 
Thereby, as shown in drawing 9 , lower write-in word line 6B of a predetermined configuration is formed. In 
this case, the width of face which met in the direction of X forms so that it may be set to 700nm. 
[0078] 

Next, using TEOS (ortho-silicic-acid 4 ethyl; Si4 (OC2H5)), as shown in drawing 10 , insulator layer 7A which 
consists of silicon oxide (Si02) is formed so that the whole may be covered with CVD (Chemical Vapor 
Deposition) equipment. After this, CMP (Chemical Mechanical Pohshing) equipment performs flattening of the 
front face of insulator layer 7A. 
[0079] 

As shown in drawing 1 1 after this, the read-out word line 12 and pars-basilaris-ossis-occipitalis annular 
magnetic layer 4B are selectively formed in the field corresponding to a part of parallel part [ at least ] 10 of the 
write-in bit line 5 and the write-in word line 6 on insulator layer 7 A by which flattening was carried out in 
order. Here, pars-basilaris-ossis-occipitalis annular magnetic layer 4B is one example corresponding to "the 1st 
annular magnetic layer part" of this invention. First, on insulator layer 7A, titanium (Ti), TiN, and aluminum 
(aluminum) are formed in order with a sputtering system etc., and, specifically, the multilayer (not shown) 
which serves as the read-out word line 12 behind is formed. After this, a resist is applied so that the whole may 
be covered, and a resist pattem (not shown) is formed using i line stepper. The read-out word line 12 is formed 
by performing RIE processing etc. and carrying out patterning of the above-mentioned multilayer using this 
resist pattem. Subsequently, a resist pattern (not shown) is formed using i line stepper, for example, the plating 
film (not shown) which consists of a ferronickel alloy (atomic ratio; nickel:Fe=80:20) is formed by being 
immersed in the plating tub of an iron sulfate (FeS04) and a nickel sulfate (NiS04), and energizing. After this, 
pars-basilaris-ossis-occipitalis annular magnetic layer 4B is formed by carrying out patteming of the plating 
film (not shown). 
[0080] 

After forming the read-out word line 12 and pars-basilaris-ossis-occipitalis annular magnetic layer 4B, as shown 
in drawing 12 (A) and (B), using TEOS, the whole surface is covered, insulator layer 7B is formed with a CVD 
system, and CMP equipment performs flattening of the front face of insulator layer 7B. Furthermore, beer hall 
7H for connecting up write-in word line 6U and lower write-in word line 6B are formed (refer to drawing 12 
(B)). In this case, after performing resist spreading on insulator layer 7B, for example, forming a resist pattem 
by i line stepper, beer hall 7H are formed by RIE using C4F8 as reactant gas. 
[0081] 

Then, using LTS (Long Throw Sputtering) equipment etc., by embedding electrical conducting materials, such 
as aluminum (aluminum), beer hall 7H, as shown in drawing 13 (B), the interlayer connection layer 17 is 
formed. It functions as this interlayer connection layer 17 connecting electrically up write-in word line 6U and 
lower write-in word line 6B. After forming the interlayer connection layer 17, metal multilayer 16U which 
covers the whole surface as too shown in drawing 13 (A) and (B) using LTS equipment, for example, consists 
of titanium (Ti), titanium nitride (TiN), and aluminum (aluminum) is formed, 
[0082] 

After covering the whole surface and forming a resist pattem (not shown) on metal multilayer 16U by i line 
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stepper, this is used as a mask and patterning of the metal multilayer 16U is carried out by performing RIE 
processing. By carrying out like this, as shown in drawing 14 (A) and (B), up write-in word line 6U of the field 
corresponding to a parallel part 10 is formed. In this case, while being formed so that that edge may be 
connected to the upper part of the interlayer connection layer 17, it is important to form so that it may become 
somewhat larger than the width of face of the direction of X of the write-in bit line 5 formed at an after process. 
[0083] 

After forming up write-in word line 6U, as shown in drawing 15 (A) eind (B), using TEOS, the whole surface is 
covered, insulator layer 7C is formed with a CVD system, and CMP equipment performs flattening of the front 
face of insulator layer 7C. On insulator layer 7C whdch performed flattening, a sputtering system etc. is used, 
titanium (Ti), TiN, and aluminum (aluminum) are formed in order, and multilayer 5 A which becomes the write- 
in bit line 5 behind is formed. Furthermore, after applying a resist on multilayer 5A, a resist pattem 32 is 
selectively formed by i line stepper. 
[0084] 

Patterning of the multilayer 5A is carried out by using this resist pattem 32 as a mask, for example, performing 
RIE processing using BC13 gas as reactant gas. The write-in bit line 5 is formed by carrying out like this. 
[0085] 

Next, as shown in drawing 17 (A) and (B), a laminated structure 19 is formed in self align by using this write-in 
bit line 5 as a mask. A laminated structure 19 is formed by specifically removing all insulator layer 7C of the 
field which is not protected by the write-in bit line 5, and a part of thickness direction in insulator layer 7B and 
up write-in word line 6U by RIE and ion milling using C4F8 as reactant gas. Here, it is important to remove 
insulator layer 7B until pars-basilaris-ossis-occipitalis annular magnetic layer 4B is exposed. Thereby, the 
write-in word line 6 to which lower write-in word line 6B and up write-in word line 6U were connected by the 
interlayer connection layer 17 is completed once. The write-in word line 6 is made crooked also not only in the 
direction of a film surface but in the direction of a laminating, and you may make it form it here by connecting 
between the non-parallel part of the write-in word lines 6, and parallel parts 10 by the interlayer connection 
layer 17. By carrying out like this, it becomes possible to form a storage cell 1 in XY flat suriface of a smaller 
field. 
[0086] 

Thus, up write-in word line 6U which has the same width of face as the write-in bit line 5 can be formed in high 
degree of accuracy by forming a laminated structure 19 in self align by using the write-in bit line 5 as a mask. 
Furthermore, a formation process, its clearance process, etc. of a resist pattem can be skipped, and 
simplification of a production process can be attained. 
[0087] 

After forming the laminated structure 19 in the parallel part 10 of the write-in bit line 5 and the write-in word 
line 6, as shown in drawing 1 8 (A) and (B), insulator layer 7D which consists of Si02 is formed so that the side 
face and top face of this laminated structure 19 may be covered. After specifically forming a resist pattem 33 in 
the field except a laminated structure 1 9 selectively at least by i line stepper etc. in the cutting plane which met 
the A-A line, insulator layer 7D is formed in the whole surface with a CVD system etc. using TEOS. 
[0088] 

Subsequently, formation of the annular magnetic layer 4 which consists of pars-basilaris-ossis-occipitalis 
annular magnetic layer 4B and up annuleir magnetic layer 4U is completed by forming up annular magnetic 
layer 4U so that flae side face and top face of insulator layer 7D may be selectively connected with pars- 
basilaris-ossis-occipitalis annular magnetic layer 4B with a wrap. Up annular magnetic layer 4U is one example 
corresponding to "the 1st annular magnetic layer part" of this invention here, and pars-basilaris-ossis-occipitalis 
annular magnetic layer 4B is one example corresponding to "the 2nd annular magnetic layer part" of this 
invention fiirther. 
[0089] 

As shown in drawing 19 (A) and (B), after a lift off specifically removes a resist pattem 33, in the cutting plane 
which met the A-A line, a resist pattem 34 is selectively formed in the field except insulator layer 7D at least by 
i line stepper etc. Furthermore, up annular magnetic layer 4U which consists of the same ingredient (for 
example, NiFe) as pars-basilaris-ossis-occipitalis annular magnetic layer 4B using this resist pattem 34 is 
formed, for example using a sputtering system. 
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[0090] 

Subsequently, as shown in drawing 20 (A) and (B), up annular magnetic layer 4U is exposed by removing a 

resist pattern 34 by the lift off. 

[0091] 

Then, while grinding the insulator layer 7E front face by CMP equipment etc. and attaining flattening after 
covering the whole surface and forming insulator layer 7E with a CVD system etc. as shown in drawing 21 (A) 
and (B), the top face of up annular magnetic layer 4U is exposed, and up annular magnetic layer 4U is further 
processed into predetermined thickness. 
[0092] 

Furthermore, as shown in drawing 22 (A) and (B), the TMR component 20 is formed on up annular magnetic 
layer 4U. A resist pattern is selectively formed so that fields other than the field which forms the TMR 
component 20 may specifically be first covered by i line stepper etc. Next, the whole surface is covered and an 
aluminum (aluminxmi) layer is formed. The tunnel barrier layer 3 is obtained by oxidizing this aluminum layer. 
Then, after forming the 1st magnetic layer 2 which consists of a CoFe layer, for example and forming a 
protective coat etc., formation of the TMR component 20 is completed by removing a resist pattern 35. In 
addition, in drawing 22 (A) and (B), a graphic display is omitted about each class which constitutes the TMR 
component 20 for simplification. 
[0093] 

After covering the whole surface and forming insulator layer 7F with a CVD system using TEOS after forming 
the TMR component 20, while grinding insulator layer 7F front face by CMP equipment and attaining 
flattening, the maximum top face of the TMR component 20 is exposed. 
[0094] 

Finally, as shown in drawing 23 (A) and (B), the read-out bit line 13 is formed. In order, a magnetron sputtering 
system is used, the laminating of titanium (Ti), titanium nitride (TiN), and the aluminum (aluminum) is carried 
out, and, specifically, multilayer 13A is formed. Next, multilayer 13A of a non-protected part is removed by 
forming the resist pattem (not shown) of a predetermined configuration and performing RIE by using this resist 
pattem as a mask for example. Thereby, the read-out bit line 13 of a predetermined configuration is formed. 
[0095] 

After this, the write-in WORD wire-drawing outgoing-call pole 41 is formed in the end of each ends of the 
write-in word line 6, the write-in bit line drawer electrode 42 is formed in the end of each ends of the write-in 
bit line 5, the read-out WORD wire-drawing outgoing-call pole 43 is formed in the end of each ends of the read- 
out word line 12, and the read-out bit line drawer electrode 44 is formed fixrther in the end of each ends of the 
read-out bit line 13. 
[0096] 

By the above, formation of the storage cell group 54 containing a storage cell 1 is completed once. 
[0097] 

After this, manufacture of a magnetic memory device is further completed by passing through the process 
which forms the protective layer of Si02 or aluminum203 grade with a sputtering system, a CVD system, etc., 
and the process at which that protective coat is ground and each drawer electrodes 41-44 are exposed. 
[0098] 

As mentioned above, the annular magnetic layer 4 which fimctions as a magnetosensitive layer while being 
constituted so that according to the gestalt of this operation the TMR component 20 may be formed annularly 
and it may pierce through it with the write-in bit line 5 and the write-in word line 6, Since it was made for the 
layered product constituted so that a current might flow in the direction vertical to a laminating side to be 
included While being able to form in the both sides of the write-in bit line 5 and the write-in word line 6 the 
magnetic path closed by passing a current and being able to reverse the magnetization in the annular magnetic 
layer (magnetosensitive layer) 4 of the TMR component 20 more efficiently Magnetic effect can be reduced to 
the storage cell which adjoined the storage cell 1 made into a write-in object. 
[0099] 

Furthermore, since the write-in bit line 5 eind the write-in word line 6 formed the parallel part 10 mutually in the 
field which pierces through the annular magnetic layer 4 according to the gestalt of this operation By passing a 
current to the write-in bit line 5 and the write-in word line 6, the synthetic field produced in the annular 
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magnetic layer (magnetosensitive layer) 4 can be made larger than the case where these write-in lines cross 
mutually, and flux reversal in the annular magnetic layer (magnetosensitive layer) 4 can be performed more 
efficiently. Consequently, the write-in current needed for flux reversal can be made smaller. 
[0100] 

In addition, since the laminated stmcture 19 was formed in self align by using the write-in bit line 5 as a meisk 
according to the gestalt of this operation, while being able to perform highly precise processing, a formation 
process, its clearance process, etc. of a resist pattern can be skipped, and simplification of a production process 
can be attained as a whole. 
[0101] 

[The gestalt of the 2nd operation] 

Next, with reference to drawing 24 (A) - (C), the magnetic memory device of the gestalt of operation of the 2nd 

of this invention is explained. 

[0102] 

Drawing 24 (A) expresses the cross-section configuration of the storage cell 1 in the magnetic memory device 
of the gestalt of this operation, and supports drawing 7 (A). In drawing 24 (A), the same sign is substantially 
given to the same part with the component shown in drawing 7 (A). 
[0103] 

In addition, in the following explanation, a point which is mainly different from the gestalt of implementation of 
the above 1st about the configuration and its manufacture approach of a magnetic memory device of this 
operation is explained, and other explanation is omitted suitably. [ of a gestalt ] 
[0104] 

The magnetic memory device of the gestalt of implementation of the above 1st is constituted so that a part of 
annular magnetic layer 4 in the TMR component 20 may serve as a magnetosensitive layer. On the other hand, 
as the magnetic memory device of the gestalt of this operation was shown in drawing 24 , in the annular 
magnetic layer 4, the 2nd magnetic layer 8 which functions as a magnetosensitive layer is formed in another 
object, and is equipped with the TMR component 21 in which the 2nd magnetic layer 8 and the annular 
magnetic layer 4 are carrying out switched connection magnetically. 
[0105] 

The 2nd magnetic layer 8 is formed between the tunnel barrier layer 3 and the annular magnetic layer 4, and the 
magnetization direction changes with extemal magnetic fields. The 2nd magnetic layer 8 consists of the cobalt 
(Co), the cobalt iron alloy (CoFe), cobalt platinum alloy (CoPt), or ferronickel cobalt alloy (NiFeCo) of a 
simple substance. 
[0106] 

By preparing in another object, the magnetization direction in the 2nd magnetic layer 8 can be stabilized more 
in the annular magnetic layer 4. In this case, it is smaller than the case where the annular magnetic layer 4 
fimctions also as a magnetosensitive layer, without establishing the coercive force of the annular magnetic layer 
4 for the 2nd magnetic layer 8, for example, it is possible to consider as less than [ x(50/4pi) 103 A/m ]. 
[0107] 

Then, with reference to drawing 24 (B) and (C), the write-in actuation in the magnetic memory device of the 
gestalt of this operation is explained. Drawing 24 (B) and (C) are the cross sections in the A-A cutting plane 
line of the storage cell 1 shown in drawing 4 , and express the relation between the direction of a current, and 
the magnetization direction. 
[0108] 

Drawing 24 (B) and (C) show mutually the case for which a storage cell 1 is passed where a write-in current 
flows in the same direction mutually to the parallel write-in bit line 5 and the parallel write-in word line 6. 
Drawing 24 (B) showed the case where a write-in current flowed in the direction of Y toward the back from this 
side in the direction vertical to space, and the reflux field has generated the interior of the annular magnetic 
layer 4 in the direction of a clockwise rotation. In this case, the magnetization direction in the 2nd magnetic 
layer 8 turns into the direction of X which met in the magnetization direction of the annular magnetic layer 4, 
i.e., the direction. On the other hand, drawing 24 (C) showed the case where a write-in current flowed in the 
direction of -Y toward this side from the back in the direction vertical to space, and the reflux field has 
generated the interior of the annular magnetic layer 4 in the counter clockwise direction. Also in fliis case, the 
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magnetization direction in the 2nd magnetic layer 8 txims into a direction which met in the magnetization 
direction of the annular magnetic layer 4, and tums into the direction of -X. In the gestalt of this operation, the 
extemal magnetic field in the 2nd magnetic layer 8 points out the field produced according to the write-in 
current which flows to the write-in bit line 5 and the write-in word line 6, or the reflux field produced in the 
annular magnetic layer 4. Thus, if a current flows in the same direction, it will be reversed to the write-in bit 
line 5 and the write-in word line 6, and the magnetization direction of the 2nd magnetic layer 8 will record 0 or 
1 on them. For example, when the condition of drawing 24 (B) is set to 0, the condition of drawing 24 (C) is 
identified as 1 . Here, when a write-in current flows to hard flow mutually, or when a write-in current flows only 
to either, the magnetization direction of the 2nd magnetic layer 8 is not reversed, but rewriting of data is 
performed. 
[0109] 

In case the magnetic memory device in the gestalt of this operation is manufactured, after forming up annular 
magnetic layer 4U with the procedure explained in the gestalt of implementation of the above 1st, the TMR 
component 21 is formed in the following ways on this up annular magnetic layer 4U. A resist pattern is 
selectively formed so that fields other than the field which forms the TMR component 21 may specifically be 
first covered by i line stepper etc. Next, the whole sxirface is covered and for example, the 2nd magnetic layer 8 
which consists of a cobalt iron alloy (CoFe) and an aluminum (aluminum) layer are formed in order with a 
sputtering system etc. Subsequently, the tunnel barrier layer 3 is obtained by oxidizing this aluminum layer by 
the oxygen plasma etc. Furthermore, with a sputtering system etc., after forming in order the protective coat 
which consists of the 1st magnetic layer 2 which consists of a CoFe layer, a tantalum (Ta), etc., a resist pattern 
35 is removed. By carrying out like this, formation of the TMR component 21 which has the 1st magnetic layer 
2, the tunnel barrier layer 3, and the 2nd magnetic layer 8 is completed. After this, manufacture of a magnetic 
memory device is completed through the same predetermined process as the gestalt of the 1st operation. 
[0110] 

As mentioned above, according to the magnetic memory device of the gestalt of this operation, in addition to 
the configuration in the gestalt of implementation of the above 1st, the 2nd magnetic layer 8 was formed 
between the tunnel barrier layer 3 and the annular magnetic layer 4. For this reason, the annular magnetic layer 
4 and the 2nd magnetic layer 8 can form switched connection. Therefore, the store of the magnetization 
direction in the 2nd magnetic layer 8 as a magnetosensitive layer stabilized more is attained by being more 
equal to fitness. Furthermore, since the coercive force of the annular magnetic layer 4 can be suppressed 
smaller, by reducing the current value at the time of write-in actuation, calorific value can be reduced and the 
function as a magnetic memory device can fiiUy be demonstrated. 
[0111] 

[The gestalt of the 3rd operation] 

Next, with reference to drawing 25 , the magnetic memory device of the gestalt of operation of the 3rd of this 

invention is explained. 

[0112] 

Drawing 25 (A) expresses the cross-section configuration of the storage cell in the magnetic memory device of 
the gestalt of this operation, and supports drawing 7 (A) and drawing 24 (A). In drawing 25 (A), the same sign 
is substantially given to the same part with the component shown in drawing 7 (A) and drawing 24 (A). 
[0113] 

In addition, in the following explanation, a point which is mainly different fi"om the gestalt of the above 1st and 
the 2nd implementation about the configuration and its manufacture approach of a magnetic memory device of 
this operation is explained, and other explanation is omitted suitably. [ of a gestalt ] 
[0114] 

The magnetic memory device of the gestalt of implementation of the above 1st is constituted so that a part of 
annular magnetic layer 4 in the TMR component 20 may serve as a magnetosensitive layer. As the magnetic 
memory device of the gestalt of implementation of the above 2nd was fiirther shown in drawing 24 , in the 
annular magnetic layer 4, the 2nd magnetic layer 8 which fiinctions as a magnetosensitive layer is formed in 
another object, and is equipped with the TMR component 21 in which the 2nd magnetic layer 8 and the annular 
magnetic layer 4 are carrying out switched connection magnetically. 
[0115] 
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On the other hand, the magnetic memory device of the gestah of this operation forms the nonmagnetic 
conductive layer 9 for carrying out antiferromagnetism association of these 2nd magnetic layers 8 and the 
annular magnetic layer 4 between the 2nd magnetic layer 8 and said annular magnetic layer further, as shown in 
drawing 25 (A). This nonmagnetic conductive layer 9 functions as carrying out antiferromagnetism association 
of the annular magnetic layer 4 and the 2nd magnetic layer 8, and is constituted by a ruthenium (Ru), copper 
(Cu), etc. 
[0116] 

When the annular magnetic layer 4 and the 2nd magnetic layer 8 carry out antiferromagnetism association, even 
if the coercive force of the annular magnetic layer 4 is less than [ x(50/4pi) 103 A/m ], a problem stops arising 
and iron (Fe), NiFe, CoFe, NiFeCo, cobalt (Co), etc. can constitute the annular magnetic layer 4 from the 
magnetic memory device of the gestalt of this operation. 
[0117] 

The 2nd magnetic layer 8 serves as a part holding record, and is stabilized by the anisotropy field by 
antiferromagnetism association. The range of the coercive force of the 2nd magnetic layer 8 is not more than x 
(100/4pi) 103 A/m, and it is desirable to be constituted so that it may become smaller than the coercive force of 
liie 1st magnetic layer 2. 
[0118] 

Then, with reference to drawing 25 (B) and (C), the write-in actuation in the magnetic memory device of the 
gestalt of this operation is explained. Drawing 25 (B) and (C) are the cross sections in the A-A cutting plane 
line of the storage cell 1 shown in drawing 4 , and express the relation between the direction of a current, and 
the magnetization direction. 
[0119] 

Drawing 25 (B) and (C) show mutually the case for which a storage cell 1 is passed where a write-in current 
flows in the same direction mutually to the parallel write-in bit line 5 and the parallel write-in word line 6. 
Drawing 25 (B) showed the case where a write-in current flowed in the direction of Y toward the back from this 
side in the direction vertical to space, and the reflux field has generated the interior of the annular magnetic 
layer 4 in the direction of a clockwise rotation. In this case, the magnetization direction in the 2nd magnetic 
layer 8 turns into the magnetization direction of the annular magnetic layer 4 with the direction of -X of reverse, 
i.e., the direction. On the other hand, drawing 25 (C) showed the case where a write-in current flowed in the 
direction of -Y toward this side from the back in the direction vertical to space, and the reflux field has 
generated the interior of the annular magnetic layer 4 in the counter clockwise direction. Also in this case, the 
magnetization direction in the 2nd magnetic layer 8 tums into the direction of reverse, and tums into the 
magnetization direction of the annular magnetic layer 4 with the direction of X. In the gestalt of this operation, 
the extemal magnetic field in the 2nd magnetic layer 8 points out the field produced according to the write-in 
current which flows to the write-in bit line 5 and the write-in word line 6, or the reflux field produced in the 
annular magnetic layer 4, Thus, if a current flows in the same direction, it will be reversed to the write-in bit 
line 5 and the write-in word line 6, and the magnetization direction of the 2nd magnetic layer 8 will record 0 or 
1 on them. For example, when the condition of drawing 25 (B) is set to 0, the condition of drawing 25 (C) is 
identified as 1 . Here, when a write-in current flows to hard flow mutually, or when a write-in cxurent flows only 
to either, the magnetization direction of the 2nd magnetic layer 8 is not reversed, but rewriting of data is 
performed. 
[0120] 

In case the magnetic memory device in the gestalt of this operation is manufactured, after forming up annular 
magnetic layer 4U with the procedure explained in the gestalt of implementation of the above 1 st, the TMR 
component 22 equipped with the nonmagnetic conductive layer 9 in the following ways is formed on this up 
annular magnetic layer 4U. A resist pattem is selectively formed so that fields other than the field which forms 
the TMR component 22 may specifically be first covered by i line stepper etc. Next, the whole surface is 
covered, for example, the nonmagnetic conductive layer 9 which consists of a ruthenium (Ru), the 2nd magnetic 
layer 8 which consists of a cobalt iron alloy (CoFe), and an alviminum (aluminum) layer are formed in order 
with a sputtering system. Subsequently, the tunnel barrier layer 3 is obtained by oxidizing this aluminum layer 
by the oxygen plasma etc. Furthermore, with a sputtering system etc., after forming in order the protective coat 
which consists of the 1st magnetic layer 2 which consists of a CoFe layer, a tantalum (Ta), etc., a resist pattem 
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35 is removed. By carrying out like this, formation of the TMR component 22 which has the 1st magnetic layer 
2, the txmnel barrier layer 3, the 2nd magnetic layer 8, and the nonmagnetic conductive layer 9 is completed. 
After this, manufacture of a magnetic memory device is completed through the same predetermined process as 
the gestalt of the 1st operation. 
[0121] 

Thus, according to the magnetic memory device in the gestalt of this operation, in addition to the configuration 
of the gestalt of operation of the above 2nd, the nonmagnetic conductive layer 9 was further formed between the 
annular magnetic layer 4 and the 2nd magnetic layer 8. Since antiferromagnetism association with powerful 
annular magnetic layer 4 and 2nd magnetic layer 8 can be formed by carrying out like this, it is stabilized more, 
without the magnetization direction of the 2nd magnetic layer 8 as a fi-ee layer being disturbed by the 
unnecessary field by an extemal **♦* field etc. In addition, the coercive force of the annular magnetic layer 4 
can be smaller suppressed by the above-mentioned configuration. Therefore, the top which can reduce calorific 
value by making a current value small at the time of write-in actuation, since it can cover that a metallic element 
etc. spreads and moves to the 2nd magnetic layer 8 by the nonmagnetic conductive layer 9, thermal stability 
improves. The store stabilized more is attained these results. 
[0122] 

<Modification> 

Next, with reference to drawing 26 , the modification in the gestalt of this operation is explained below. 
[0123] 

< <1 St modification » 

The TMR component 22 in the gestalt of this operation is structure called the coercive force difference type 
equipped with the 1st magnetic layer 2 which has bigger coercive force than the 2nd magnetic layer 8. On the 
otfier hand, TMR component 22B shown in drawing 26 (A) is presenting the structure called the exchange bias 
mold which fixes the magnetization direction of the 1st magnetic layer 2 by switched connection, 
[0124] 

Specifically, TMR component 22B has the nonmagnetic conductive layer 9, the 2nd magnetic layer 8, the 
tunnel barrier layer 3, the 1st magnetic layer 2, and the 3rd magnetic layer 1 5 sequentially from the annular 
magnetic layer 4 side. The 3rd magnetic layer 1 5 has antiferromagnetism, and functions as fixing the 
magnetization direction of the 1st magnetic layer 2 by the 1st magnetic layer 2 and the exchange interaction, for 
example, is constituted by antiferromagnetism ingredients, such as a platinum manganese alloy (PtMn), an 
iridium manganese alloy (IrMn), iron manganese (FeMn), nickel manganese (NiMn), or ruthenium manganese 
(RuMn). 
[0125] 

Since the magnetization direction of the 1st magnetic layer 2 is stabilized by the 3rd magnetic layer 15 in TMR 
component 22B which has the structure of the exchange bias mold shown in drawing 26 (A) and it can fix, it is 
good also considering the coercive force of the 1st magnetic layer 2 as less than [ x(50/4pi) 103 A/m ]. 

[0126] 

< <2nd modification » 

Drawing 26 (B) shows the configuration of TMR component 22C which formed the nonmagnetic conductive 
layer 35 and the 4th magnetic layer 1 8 further between the 1 st magnetic layer 2 and the tunnel barrier layer 3 in 
the configuration of the TMR component 22 of the gestalt of this operation. 
[0127] 

Specifically, TMR component 22C has the nonmagnetic conductive layer 9, the 2nd magnetic layer 8, the 
tunnel barrier layer 3, the 4th magnetic layer 18, the nonmagnetic conductive layer 35, and the 1st magnetic 
layer 2 sequentially firom the annular magnetic layer 4 side. The 4th magnetic layer 18 forms the 1st magnetic 
layer 2 and antiferromagnetism association through the nonmagnetic conductive layer 35, and the magnetization 
direction of the 1 st magnetic layer 2 and the 4th magnetic layer 1 8 serves as anti -parallel mutually. The 4th 
magnetic layer 1 8 is constituted by iron (Fe), NiFe, CoFe, NiFeCo, or cobalt (Co). 
[0128] 

In this modification, since the static magnetic field in the 1 st magnetic layer 2 and the 4th magnetic layer 1 8 
forms a closed magnetic circuit, while being hard to be influenced by the extemal magnetic field and stabilizing 
it by the above-mentioned configuration, a svirroundings lump of the field to the 2nd magnetic layer 8 can be 
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controlled. For this reason, the write-in current field at the time of performing the magnetization direction 

reversal in the 2nd magnetic layer 8 as a free layer can be reduced. 

[0129] 

< <3rd modification » 

In addition to the configuration of TMR component 22C of the 2nd modification of the above, drawing 26 (C) 
shows fiirther TMR component 22D which formed the 3rd magnetic layer 15 and which is a modification. 
Specifically, TMR component 22D has the nonmagnetic conductive layer 9, the 2nd magnetic layer 8, the 
tunnel barrier layer 3, the 4th magnetic layer 18, the nonmagnetic conductive layer 35, the 1st magnetic layer 2, 
and the 3rd magnetic layer 1 5 sequentially fi-om the annular magnetic layer 4 side. 
[0130] 

Since the magnetization direction of the 1st magnetic layer 2 is stabilized by the 3rd magnetic layer 15 in the 

case of this TMR component 22D and it can fix, coercive force of the 1st magnetic layer 2 can be made into less 

than [ x(50/4pi) 103 A/m ]. 

[0131] 

[Example] 

Furthermore, the concrete example in the gestalt of this operation is explained. 
[0132] 

In this example, the magnetic memory device was formed in the following points based on the above-mentioned 

manufacture approach. A detail is explained with reference to drawing 8 thru/or drawing 23 . 

[0133] 

First, as shown in drawing 8 , the substrate 1 1 which consists of silicon (Si) was prepared, on this substrate 1 1 , 
the magnetron sputtering system was used in order, the laminating of the titanium (Ti) of lOnm thickness, the 
titaniiim nitride (TiN) of lOnm thickness, and the aluminum (aluminum) of 500nm thickness was carried out, 
and multilayer 16B was formed. Next, after continuing and applying a predetermined resist to the whole 
surface, i line reduction stepper was used and the resist pattern 31 of a predetermined configuration was formed. 
This resist pattem 31 was used as the mask, and reactive ion etching (RIE;Reactive Ion Etching) was performed 
selectively, using boron trichloride (BC13) gas as reactant gas. Thereby, as shown in drawing 9 , lower write-in 
word line 6B of a predetermined configuration was formed. In this case, the width of face which met in the 
direction of X formed so that it might be set to 700nm. 
[0134] 

Next, using TEOS (ortho-silicic-acid 4 ethyl; Si4 (OC2H5)), as shown in drawing 10 , insulator layer 7A which 
consists of silicon oxide (Si02) was formed so that the whole might be covered with CVD (Chemical Vapor 
Deposition) equipment. After this, CMP (Chemical Mechanical Polishing) equipment performed flattening of 
the fi-ont face of insulator layer 7A. Under the present circumstances, the thickness of insulator layer 7A formed 
on lower write-in word line 6B ground insulator layer 7A so that it might be set to 500nm. 
[0135] 

As shown in drawing 1 1 after this, the read-out word line 12 and pars-basilaris-ossis-occipitalis annular 
magnetic layer 4B were selectively formed in the field corresponding to a part of parallel part [ at least ] 10 of 
the write-in bit line 5 and the write-in word line 6 on insulator layer 7A by which flattening was carried out in 
order. First, on insulator layer 7 A, TiN with a titanium (Ti) of with a thickness of lOnm and a thickness of 
lOnm and aluminum (aluminum) with a thickness of 500imi were formed in order with magnetron sputtering 
equipment, and, specifically, the multilayer (not shown) which serves as the read-out word line 12 behind was 
formed. After this, the resist was applied so that the whole might be covered, and the resist pattem (not shown) 
was formed using i line stepper. The read-out word line 12 was formed by performing RIE processing using 
BC13 gas as reactant gas, and carrying out patterning of the above-mentioned multilayer using this resist 
pattem. Subsequently, the resist pattem (not shown) was formed using i line stepper, and the plating film (not 
shown) which consists of a ferronickel alloy (atomic ratio; nickel :Fe=80:20) was formed by being inmiersed in 
the plating tub of FeS04 and NiS04, and energizing. After this, pars-basilaris-ossis-occipitalis annular 
magnetic layer 4B was formed by carrying out patterning of this plating film. Size of the read-out word line 12 
which carried out pattem formation, and pars-basilaris-ossis-occipitalis annular magnetic layer 4B was set to 
1 100nm(direction of X) x350nm (the direction of Y). 
[0136] 
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After carrjdng out pattern formation of the read-out word line 12 and the pars-basilaris-ossis-occipitaHs annular 
magnetic layer 4B, as shown in drawing 12 (A) and (B), using TEOS, the whole surface was covered, insulator 
layer 7B was formed with the CVD system, and CMP equipment performed flattening of the front face of 
insulator layer 7B. Under the present circumstances, thickness of insulator layer 7B on pars-basilaris-ossis- 
occipitalis annular magnetic layer 4B was set to 150nm, Furthermore, beer hall 7H for connecting up write-in 
word line 6U and lower write-in word line 6B were formed (refer to drawing 12 (B)). In this case, after 
performing resist spreading and forming a resist pattem by i line stepper on insulator layer 7B, beer hall 7H 
were formed by RIE using C4F8 as reactant gas. 
[0137] 

Then, using LTS (Long Throw Sputtering) equipment, by embedding aliiminum (aluminxrai) beer hall 7H, as 
shown in drawing 13 (B), the interlayer connection layer 17 was formed. After this, as too shown in drawing 13 
(A) and (B) using LTS equipment, the whole surface was covered, and metal multilayer 16U which consists of 
the titanium (Ti) of lOnm thickness, titanium nitride (TiN) of lOnm thickness, and aluminimi (alximinimi) of 
500nm thickness was formed. 
[0138] 

After covering the whole surface and forming a resist pattem (not shown) on metal multilayer 16U by i line 
stepper, this was used as a mask and patteming of the metal multilayer 16U was carried out by performing RIE 
processing using BC13 gas as reactant gas. By carr>dng out like this, as shown in drawing 14 (A) and (B), up 
write-in word line 6U was formed. Width of face which besides met in the direction of X of section write-in 
word line 6U was set to 700nm. 
[0139] 

After forming up write-in word line 6U, as shown in drawing 15 (A) and (B), using TEOS, the whole surface 
was covered, insulator layer 7C was formed with the CVD system, and CMP equipment performed flattening of 
the front face of insulator layer 7C. On insulator layer 7C which performed flattening, magnetron sputtering 
equipment was used, TiN of the titanium (Ti) of lOnm thickness and lOnm thickness and the aluminum 
(aluminum) of 500nm thickness were formed in order, and multilayer 5 A which becomes the write-in bit line 5 
behind was formed. Furthermore, after applying a resist on multilayer 5 A, as shown in drawing 16 (A) and (B), 
the resist pattem 32 was selectively formed by i line stepper. 
[0140] 

This resist pattem 32 was used as a mask, and patteming of the multilayer 5 A was carried out by performing 
RIE processing using BC13 gas as reactant gas. Thereby, the write-in bit line 5 whose width of face which met 
in the direction of X is 700nm was formed. 
[0141] 

Next, as shown in drawing 17 (A) and (B), the laminated structure 1 9 was formed in self align by using this 
write-in bit line 5 as a mask. The laminated structure 1 9 was formed by specifically removing all insulator layer 
7C of the field which is not protected by the write-in bit line 5, and a part of thickness direction in insulator 
layer 7B and up write-in word line 6U by RIE and ion milling using C4F8 as reactant gas. 
[0142] 

After forming the laminated structure 19 in the parallel part 10 of the write-in bit line 5 and the write-in word 
line 6, as shown in drawing 18 (A) and (B), insulator layer 7D which consists of Si02 is formed so that the side 
face and top face of this laminated structure 19 may be covered. After specifically forming a resist pattem 33 in 
the field except a laminated stmcture 19 selectively at least by i line stepper in the cutting plane which met the 
A- A line, insulator layer 7D was formed in the whole surface with the CVD system etc. using TEOS. 
[0143] 

Subsequently, formation of the annular magnetic layer 4 which consists of pars-basilaris-ossis-occipitalis 
annular magnetic layer 4B and up annular magnetic layer 4U was completed by forming up annular magnetic 
layer 4U so that the side face and top face of insulator layer 7D may be selectively connected with pars- 
basilaris-ossis-occipitalis annular magnetic layer 4B with a wrap. The annular magnetic layer 4 covered die 
length of 350nm along the direction of Y, and it was formed so that a part of parallel part 10 of the write-in bit 
line 5 and the write-in word line 6 might be surrovinded. 
[0144] 

As shown in drawing 19 (A) and (B), after the lift off specifically removed the resist pattem 33, in the cutting 
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plane which met the A-A line, the resist pattern 34 was selectively formed in the field except insulator layer 7D 
at least by i line stepper etc. Furthermore, up annular magnetic layer 4U which consists of the same ingredient 
(NiFe) as pars-basilaris-ossis-occipitalis annular magnetic layer 4B using this resist pattem 34 was formed 
using the sputtering system. 
[0145] 

Subsequently, as shown in drawing 20 (A) and (B), up annular magnetic layer 4U was exposed by removing a 

resist pattem 34 by the lift off. 

[0146] 

Then, as shown in drawing 21 (A) and (B), after covering the whole surface and forming insulator layer 7E with 
a CVD system using TEOS, the insulator layer 7E front face by CMP equipment was ground, flattening was 
attained, and the top face of up annular magnetic layer 4U was exposed. Polish processing was performed until 
the thickness of up annular magnetic layer 4U was fiuthermore set to 50nm. 
[0147] 

Here, as shown in drawing 22 (A) and (B), the TMR component 20 was formed on up annular magnetic layer 
4U. The resist pattem (not shown) was selectively formed so that fields other than the field which forms the 
TMR component 20 might specifically be first covered by i line stepper etc. Next, the whole surface was 
covered and the nonmagnetic conductive layer 9 which consists of a ruthenium (Ru) with a thickness of 0.7nm, 
the 2nd magnetic layer 8 which consists of a cobalt iron alloy (CoFe) of 5nm thickness, and the aluminum 
(aluminum) layer of Inm thickness were formed in order with the high vacuum direct-current sputtering system. 
This aluminum layer was oxidized by the oxidization plasma under the pressure of 13.33Pa, and the tunnel 
barrier layer 3 was obtained. Furthermore, afl:er forming the 1 st magnetic layer 2 which consists of CoFe with a 
thickness of 5nm, the 3rd magnetic layer 15 which consists of IrMn with a thickness of 50nm, and the 
protective coat (not shown) which consists of a tantalum (Ta) with a thickness of 5nm, formation of TMR 
component 22B of drawing 26 (A) was completed by removing a resist pattem. 
[0148] 

After forming TMR component 22B, while covering the whole surface, forming insulator layer 7F with a CVD 
system using TEOS, grinding insulator layer 7F fi-ont face by CMP equipment and attaining flattening, the 
maximum top face of TMR component 22B was exposed. 
[0149] 

Finally, as shown in drawing 23 (A) and (B), the read-out bit line 13 was formed. In order, the magnetron 
sputtering system was used, the laminating of the titanium (Ti) of lOnm thickness, the titanium nitride (TiN) of 
lOnm thickness, and the aluminum (aluminum) of 500nm thickness was carried out, and, specifically, 
multilayer 1 3 A was formed. Next, flie resist pattem (not shown) of a predetermined configuration was formed 
and multilayer 1 3 A of a non-protected part was removed by performing RIE by using this resist pattem as a 
mask. By carrying out like this, the read-out bit line 13 of a predetermined configuration was formed. 
[0150] 

After this, after forming a resist pattem using i line stepper, it formed so that an aluminum layer might be set to 
45 micrometers with magnetron sputtering equipment. By carrying out like this, the write-in WORD wire- 
drawing outgoing-call pole 41 was formed in the end of each ends of the write-in word line 6, the write-in bit 
line drawer electrode 42 was formed in the end of each ends of the write-in bit line 5, the read-out WORD wire- 
drawing outgoing-call pole 43 was formed in the end of each ends of the read-out word line 12, and the read-out 
bit line drawer electrode 44 was formed fiirther in the end of each ends of the read-out bit line 13. Then, after 
forming an aluminum oxide (aluminum 203) as a protective coat using magnetron sputtering equipment so that 
the whole may be covered, each drawer electrodes 41-44 were exposed by grinding. After this, formation of the 
magnetic memory device which arranged in four elements perpendicularly and it arranged four elements at a 
time in in the shape of a matrix horizontally was completed through the predetermined process (refer to drawing 
4). 

[0151] 

It measured [ memory device / which was manufactured by the above-mentioned point / magnetic ] about MR 
ratio, tunnel resistance Rt, the switching current, and the contiguity eel reversal current. This result is shown in 
a table 1 as an example. Since measurement with the same said of the magnetic memory device which has the 
storage cell of structure without the continuous annular magnetic layer shown in drawing 27 and 28 was 
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performed in order to compare a numeric value here, it writes together to a table 1 as examples 1 and 2 of a 
comparison. In addition, the impression magnetic field at the time of measurement was made into x(500/4pi) 
103 A/m. The storage cell 101 as an example 1 of a comparison shown in drawing 27 is not equipped with an 
annular magnetic layer which encloses the write-in bit line 105 and the write-in word line 106 at all, although it 
has the write-in bit line 105 and the write-in word line 106 which are laid under the insulator layer 7 and are 
mutually prolonged in parallel, and TMR component 20B prepared in the near. The storage cell 201 as an 
example 2 of a comparison shown in one drawing 28 is constituted so that a cross section may surround most 
perimeters of the write-in bit line 5 which is laid under the insulator layer 7 and is mutually prolonged in 
parallel, and the write-in word line 6 by the annular magnetic layer 204 which makes the shape of a typeface of 
"KO", and the 2nd magnetic layer 8 of TMR component 20C. However, the annular magnetic layer 204 of the 
shape of a typeface of "KO" does not have a part in contact with the 2nd magnetic layer 8. 
[0152] 
[A table 1] 





MR it 

% 


Q- (^m) 2 


mA 


mA 




40 


970 


1.7 


20.0 


itmmi 


40 


950 


6.8 


12.0 


it^m2 


40 


975 


2.75 


20.0 &.± 



[0153] 

As shown in a table 1, although great difference was not seen in MR ratio and tunnel resistance Rt, the cle2ir 
significant difference has been checked about the switching current and the contiguity eel reversal current in 
this example and the examples 1 and 2 of a comparison. 
[0154] 

A switching current is the minimum current value required in order to reverse the magnetization direction in the 
storage cell for a store. About this switching current, this example showed the small value of 1/about 4 of the 
example 1 of a comparison. Since this performed flux reversal of a magnetosensitive layer efficiently, even if it 
is a small current, it shows that write-in actuation was attained. 
[0155] 

A contiguity eel reversal current expresses the cvirrent value which the magnetization direction of a storage cell 
where a store should be made essentially, and out of which it does not come reverses according to the current 
impressed to the storage cell for a store, and the storage cell which adjoined. As shown in a table 1, even if it 
impressed the write-in bigger current than the conventional example, by this example, it tumed out that the 
magnetization direction in the adjoining storage cell is not reversed. This shows that generating of the field 
which forms the closed magnetic path and has an adverse effect on the adjoining storage cell was able to be 
controlled. 
[0156] 

The annular magnetic layer 4 which fiinctions as a magnetosensitive layer while being constituted so that 
according to this example TMR component 22B may be formed annularly and it may pierce through it with the 
write-in bit line 5 and the write-in word line 6 as explained above. Since it was made for the layered product 
constituted so that a current might flow in the direction vertical to a laminating side to be included While being 
able to form in the both sides of the write-in bit line 5 and the write-in word line 6 the magnetic path closed by 
passing a current and being able to reverse the magnetization in the annular magnetic layer 4 of TMR 
component 22B more efficiently Magnetic effect can be reduced to the storage cell which adjoined the storage 
cell made into a write-in object. 
[0157] 
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As mentioned above, although the gestalt and modification of some operations were given and this invention 
was explained, this invention is not limited to the gestalt and modification of these operations, but is variously 
deformable. 

For example, although the write-in word line 6 is made crooked and it was made to extend in the shape of a 
square wave with the gestalt of this operation, the write-in word line 6 may be made crooked so that it may 
become a serrate (the shape of a chopping sea) configuration as shown in drawing 29 (A). In that case, it 
becomes arrangement of the storage cell 1 as shown in drawing 30 . Moreover, although it was made to connect 
mutually with the gestalt of this operation through the interlayer connection layer 1 7 which only the write-in 
word line 6 was made crooked, and was embedded beer hall 7H, you may make it make the write-in word line 6 
and the write-in bit line 5 both crooked, as you may make it make only the write-in bit line 5 crooked or it was 
shown in drawing 29 (B) and (C). Drawing 29 (B) is crooked in the shape of [ of "**" ] a typeface, and it 
crosses and it is constituted so that the write-in bit line 5 which has the pattern which extends in an one 
direction as a whole, and the write-in word line 6 which has the pattern which extends in an one direction which 
is too crooked in the shape of [ of "**" ] a typeface, and is different in the write-in bit line 5 as a whole may 
become parallel [ a part of shape of a typeface of "**" ] mutually. While adjoining write-in bit line 5 change 
mutual spacing by predetermined within the limits and making it drawing 29 (C) extend in the fixed direction as 
a whole While adjoining write-in word line 6 change mutual spacing by predetermined within the limits, it has 
the pattern it was made to extend in the fixed direction which is different in the write-in bit line 5 as a whole, 
and it is constituted so that a part of bit line 5 write-in [ these ] and write-in word line 6 may be parallel. That is, 
keeping a symmetrical configuration mutual in the lower layer straight line along a travelling direction, it is 
constituted so that the part which approaches, and the part keeping away may be made by turns and it may 
extend repeatedly. Here, the part which approaches, and the part keeping away are making a part of trapezoid 
profile. 
[0158] 

Moreover, the write-in bit line 5 may be constituted so that the ends may serve as loop shape connected to 
current drive circuit 56C. Similarly, the write-in word line 6 may constitute so that the ends may serve as loop 
shape connected to current drive circuit 58C. 
[0159] 

Moreover, as shown in drawing 3 1 , it is also possible by arranging a rectifying device 75 between each storage 

cell 1 and WORD decoding line 7 IX to secure the flow of the current stabilized more. 

[0160] 

Moreover, although the gestalt of this operation explained the case where the write-in bit line 5 and the write-in 
word line 6 made a parallel part 1 0 mutually, it is not limited to this and may not be mutually parallel. However, 
when forming the annular magnetic layer 4 so that a parallel part 10 may be surrounded, since flux reversal of a 
magnetosensitive layer is performed more efficiently, it is more desirable. 
[0161] 

[Effect of the Invention] 

As explained above, according to the magneto-resistive effect component given in any 1 term of claim 1 thru/or 
claim 13 While being arranged in one field side of the layered product constituted so that a current might flow 
in the direction vertical to a laminating side including the magnetosensitive layer from which the magnetization 
direction changes by the external magnetic field, and this layered product so that the direction along a 
laminating side may be made into shaft orientations Since it had the armular magnetic layer constituted so that it 
might pierce with two or more lead wire, the magnetic path closed by passing a current to two or more lead wire 
can be formed, and the magnetization in a magnetosensitive layer can be reversed more efficiently. 
[0162] 

According to the magnetic memory device given in any 1 term of claim 14 thru/or claim 30 Two or more 1st 
write-in lines and two or more 2nd write-in lines prolonged so that the 1st write-in line of these plurality may be 
intersected, respectively. It has two or more magneto-resistive effect components which contain the layered 
product constituted so that a cxwrent might flow in the direction vertical to a laminating side including the 
magnetosensitive layer fi'om which the magnetization direction changes by the external magnetic field, 
respectively. Since it was made for the annular magnetic layer constituted so that it might pierce by the 1st 
write-in line and the 2nd write-in line to be included while this magneto-resistive effect component was 
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arranged so that the direction which met the laminating side at one field side of a layered product might be 
made into shaft orientations While being able to form in the both sides of the 1st write-in line and the 2nd write- 
in line the magnetic path closed by passing a current and being able to reverse the magnetization in an annular 
magnetic layer more efficiently, magnetic effect can be reduced to the storage cell which adjoined the storage 
cell made into a write-in object. 
[0163] 

Since it was made for two or more write-in lines to constitute especially according to a magneto-resistive effect 
component according to claim 3 or the magnetic memory device according to claim 16 so that it may extend in 
parallel mutually in the field which pierces through an annular magnetic layer By passing a current to two or 
more lead wire, the synthetic field produced in a magnetosensitive layer can be made larger than the case where 
such lead wire crosses mutually, and flux reversal in an annular magnetic layer can be performed more 
efficiently. Consequently, the write-in current needed for flux reversal can be made smaller. Furthermore, since 
the magnetization direction of two or more magnetic domains which can be set in a magnetosensitive layer can 
be arranged more with fitness, higher dependability is acquired. 
[0164] 

According to the manufacture approach of a magnetic memory device given in any 1 term of claim 3 1 thru/or 
claim 33 By etching selectively the 2nd insulating layer inserted by the 1st write-in line and the 1st and 2nd 
write-in lines, and removing it by using the 2nd write-in line as a mask Since it was made for the 1st and 2nd 
write-in lines to include the process which forms the laminated structure in the parallel part which extends in 
parallel mutually in self align, while being able to perform highly precise processing, simplification of a 
production process can be attained. 
[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the magnetic whole memory device configuration concerning the 
gestalt of operation of the 1 st of this invention. 

[Drawing 2] It is the top view showing the configuration of the write-in line of a magnetic memory device 
shown in drawing 1 . 

[Drawing 3] It is the circuit diagram showing the circuitry of a magnetic memory device shown in drawing 1 . 
[Drawing 4] It is the part plan showing the important section configuration of the storage cell group of a 
magnetic memory device shown in drawing 1 . 

[Drawing 5] They are other part plans showing the important section configuration of the storage cell group of a 
magnetic memory device shown in drawing 1 . 

[Drawing 6] It is the important section perspective view showing the important section configuration of the 
storage cell group of a magnetic memory device shown in drawing 1 . 

[Drawing 7] It is the sectional view showing the configuration of the cutting plane which met the A-A line of 
the storage cell shown in drawing 4 . 

[Drawing 8] It is an expanded sectional view showing one process in the manufacture approach of a magnetic 

memory device shown in drawing 1 . 

[Drawing 9] It is an expanded sectional view showing one process following drawing 8 . 
[Drawing 10] It is an expanded sectional view showing one process following drawing 9 . 
[Drawing 1 1 ] It is an expanded sectional view showing one process following drawing 10 . 
[Drawing 12] It is an expanded sectional view showing one process following drawing 1 1 . 
[Drawing 13] It is an expanded sectional view showing one process following drawing 12 . 
[Drawing 14] It is an expanded sectional view showing one process following drawing 13 . 
[Drawing 15] It is an expanded sectional view showing one process following drawing 14 . 
[Drawing 16] It is an expanded sectional view showing one process following drawing 15 . 
[Drawing 17] It is an expanded sectional view showing one process following drawing 16 . 
[Drawing 1 8] It is an expanded sectional view showing one process following drawing 17 . 
[Drawing 19] It is an expanded sectional view showing one process following drawing 18 . 
[Drawing 20] It is an expanded sectional view showing one process following drawing 19 . 
[Drawing 21] It is an expanded sectional view showing one process following drawing 20 . 
[Drawing 22] It is an expanded sectional view showing one process following drawing 21 . 
[Drawing 23] It is an expanded sectional view showing one process following drawing 22 . 
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[Drawing 24] It is a sectional view showing the important section configuration in the magnetic memory device 
concerning the gestalt of operation of the 2nd of this invention. 

[Drawing 25] It is a sectional view showing the important section configuration in the magnetic memory device 
concerning the gestaU of operation of the 3rd of this invention. 

[Drawing 26] It is a sectional view showing the important section configuration in the 1st of a magnetic 
memory device - the 3rd modification which were shown in drawing 25 . 

[Drawing 27] It is a sectional view for explaining the important section configuration of the magnetic memory 

device as 1 st example of a comparison in the magnetic memory device shown in drawing 1 . 

[Drawing 28] It is a sectional view for explaining the important section configuration of the magnetic memory 

device as 2nd example of a comparison in the magnetic memory device shown in drawing 1 . 

[Drawing 29] It is a top view showing the modification in the configuration of the write-in line of a magnetic 

memory device shown in drawing 1 . 

[Drawing 30] It is the part plan showing the important section configuration of the modification shown in 

drawing 29 . 

[Drawing 31] It is a top view showing the modification in the circuitry of a magnetic memory device shown in 
drawing 1 . 

[Drawing 32] It is a top view for explaining the configuration of the magnetic memory device as a conventional 
example. 

[Drawing 33] It is a sectional view for explaining the important section configuration of the magnetic memory 
device as a conventional example. 
[Description of Notations] 

1 [ " Annular magnetic layer, ] ~ A storage cell, 2 ~ The 1st magnetic layer, 3 ~ A tunnel barrier layer, 4 4B — 
The 2nd magnetic layer of a pars basilaris ossis occipitalis, 4U ~ The 2nd magnetic layer of the upper part, 5 — 
A write-in bit line, 5 A [ — An up write-in word line, ] — A multilayer, 6 — A write-in word line, 6B — A lower 
write-in word line, 6U 7 [ — Nonmagnetic conductive layer, ] ~ An insulator layer, 7H — A beer hall, 8 ~ The 
2nd magnetic layer, 9 10 [ ~ Multilayer, ] — A parallel part, 1 1 — A substrate, 12 — A read-out word line, 12A 
13 [ — Multilayer, ] — A read-out bit line, 14U — An alloy layer, 15 — The 3rd magnetic layer, 16B 16U [ — A 
layered product, 20 21 , 22 / — A TMR component, 35 / — A nonmagnetic conductive layer, 41 / ~ A write-in 
WORD wire-drawing outgoing-call pole 42 / ~ A write-in bit line drawer electrode, 43 / — A read-out WORD 
wire-drawing outgoing-call pole 44 / — Read-out bit line drawer electrode. ] ~ A metal membrane, 17 ~ An 
interlayer connection layer, 18 — The 4th magnetic layer, 19 

[Translation done.] 
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1 .This document has been translated by computer. So the translation may not reflect the originsd precisely. 
2.**** shows the word which can not be translated. 
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[0 0 3 5] 
Co 0 3 6] 

a57KUXA;^l^?A0~A2 07b^?.gXOii^s rtSPtC 
il^fc-'^v y r mifigitc J; <? ^ 1 J;t;^ 2 ©igftSiJ® 
(HlSSgPSe, 5 8F«3€)7 Kl^X-rn— tJflHlSSS 6 A. 5 

[0 0 3 7] 

•r-^/^-y :7 r 5 2 tt. fS1i-fe;i/p 5 4 (ctBli^nfcIf 

So 5 e. tc. IB1t-fe;l'8^ 5 4 'voSiiSift^rtT^ mc 
It. ^i-SPx-^fftg? D 0~D 7 O^^ttBE^IXOiiA/ 

T% rta5/^y:7riiifiggicJ:oT^ife<i:tfm2(Dig» 

$lMlsI^a55 6, 5 Sp^OAUVh h*^-t':7l]SS5 6 
C. 5 8 C}Cfcl/^Ti£Jili:*S«Eb'-<;l/S-etii|iLfc 
x;^[ni«yk^'r-^'/^X6 0feJ;tfY?j(^iSiiffl 
X— :?AX6 1 ^rft-LT^U-Vh K'7-l':/ElgS5 6 C. 

5 8 c te^f « J: 9 jcaftg-r So 

[0 0 3 8] 

[0 0 3 9] 

m 1 oiM&fiJfflJiHiKas 5 6 a. Y:)?fRi(cfe>t«7 Ki^;^ 

:J«'lH]gS5 6 A. •fe>'7.7V7'[HISS5 6 B*3j;I>** 
U^h H-7'l':7[Hli^5 6 C^*L. ^ 2 OIKKj^JSSIhJSS 

A. ^miSJIsIIKS 8Bfej:t;*U>'h F^'TyiHlKS 8 
C>&WrSfe<DTfe5o 
[0 0 4 0] 

7KUX-r=i-;J<^[e]K5 6 A. 5 8 Ai±. A;^$n/c7 

HU';^M#{cjsufc^moy-F'r3-K*a7 1 xfei 
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7.7y-fm^S& Bfe<fcD'^«gfilHlgS5 8 B«Kttli(lft 
5 6 C. 5 8 C «»ji»f^^^T^ BStcfglrr SiHlSST'fe 

So 

[-0 0 4 1 ] 

■feV;^7vnHlSS5 6 B fcIB1t-b;l'P5 4 BStaW 

1 YtioTSi!?nTl/>So iRl^tc. ^IliJSlsI^ 5 8 
Btx iB1i-{r;i'S^.5 4 i:^±^ ggWiljf^^D^ic-fevxWgii 

g^^snrt^So 

[0 0 4 2] 

;?7U>h K^'l':7iHlK5 6 Ci;fH®-lr;l/gf5 4i:l±. # 

i:fS1t-tr;i/p5 4 i:t±. »ji»i{^<Dl^JCi2vSi;*S^m 

F^6 ^/rLTg^^?nTV>So 
[004 3] 

Y77(SlKtBffl7*— ^/^7.6 2{i. Y73|qIO-fe>'X7>'y 
20 Ieli^5 6 B*'«P.«Ota:^*-r— ^'-'^•y 7 7 5 2 (DtH:^3^^-y 

77 5 2 B{ce^-rsj:-5tc«s^-rsfeoTfeSo 

[0 0 4 4] 

mzii. fBS-t;i/^5 4^c^3^^s«S!^(D«JAe>y 

5 . »jiy- KSS 6 J; t>*ieti-fe;i' i €>ffi«M^^«l:g: 

e^JtcgUftfeO-pfeSo 02lc^Lfci-5fC. — 

e-y vmsifm.mw>c^-&\.x^^^o m^h^-n§^Q\c 
it. m^\iyvm5i^mcmL<ow-n^^\ oj&jgfigu 

50 TI/>So fH1t■fe;l/Hi^ ^n^noWSP^^l 0O^i>:& 

< gp^Htr<fc^tc. «5iif-y iiSiiy— F 
•rs^atcfB1t-t;l/i *<l5tte)nT^^Si: 1/^-5 El 

i/^s, »jie>y F?^5fe<tt;»jZ.y-F^^6tct±. =tn 

^n*U:^h F^'1'7'[h1^5 6 C. 5 8 C*^e.cD«iJS*^ 

•^Z.^- Fi© 6 ^rffli/^fcIBIi-b;!/ 1 fcM-rS»ji»f¥tc 
ot/^Tlif^-rSo 
40 [0 0 4 5] 

[0 0 4 6] 

<DT'feSo IBti-fe;V^5 4T't±, X77lRlfC@r>\ YTalRl 
fc^F^PltcMA/fc^StSccDKaiy- F^ 1 2 i:. Y^i^itc 

jSt>\ x:^[q]^c^F^|ii^cM^fc^^^®g?fflli:•y 3 

i:*^it35!LTi|S?«tciBB^rnTl/^So ^tUy-FSIl 
50 2 fcBgffltr-y hiSa 1 3 i:*%3SLfr^n-€'n©^iStJ:. 
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n-b;!/ 1 li. ^(o-m'^mmu- m i 2 ic^n^nm 

[0 0 4 7] 

=&'«r©teit-b;l/ 1 tctt, TMR^?2 OA^J^fig^nri/^ 
Co 0 4 8] 

y^r 4 5!3^SiBc$nTc^5o <io'7-Kiiias?xf''y5^ 
7 4 y- Kx^- KiSi 7 1 X i:g!S^?ns tt.i> 

sgfflii-y h«gi 3(D-4^«. ^n^^ntr-y hmmmx-r 

e-;/ hJ^^X-r-yf-? 3li. \£y hx3-Ki^7 1 Y 
tmntEtx^ i: t fc. mtiffimfiE^Mfim 7 2 i: feg^ 

(0«i?i{«ffi^^g*t7 2«. KW«i!ii^«ff^{l:i:bT 

[004 9] 

=&TMRm?2 0{cfetj-SSlBS14S2 i:^«SSt£M4 

00 7 tc^-r <fc ^ ics^astt® 4 *«:{cai 

^^^^nTt^So <lcD<fcd^3S«®^'aM4<D«fi!ca. ^ 
[0 0 5 0] 

MV^T. 04^V^L@7 (A) ^#,^LTfiim^^Ux 

[0 0 5 1] 

0 4 43 i t;0 5 1±. te«-{r;l'ff 5 4 
■rtOT^So 0 4{C^Lfc:»iilf«y MiiS5, 

m 6 43<fci;iBit-fe;i/ Hi, 02 i:?*/s-rs to^fe 

5o 06ti. f31g-lr;H ©S5:A:f4*10TfeSo 0 7 
(A) {±. 0 4{i:^LfclHtE-t;l/l <75A-Ai^fi:mt3fc 

Co 0 5 2] 



(9) #F»g2 0 0 4- 1 1 1 887 

id 

hi^5:fe<j;a^»3iy-K^6 03SM-rs«s^(c. en 5. 

^E■r5¥^fa5^)•l o«:^s«k3tc«fig^nTt>5o ^ 

e.o¥tfa5^i o{c43tts»Jie-y h^^5 43<fct;«3iy 
-Kii®6OM;^^ssns«gfitc±0^-rsgiw (-ris^ 

2 0 co-^^rs-rm^m^m 4 o5a{i:;?iPi*^^{t l 

[0 0 5 3] 

^^^D^«^<DSiX^f -y b ?1 5 *^X:)?fRI^C^F^Pi^cM^T♦43 

K). ii(r)?«!So«iie-y hj«5i:^n^n3^M-rsid 

iie -y hia5 t»ji7-KJi^6 i:«X Y¥S^C43V^TS 
J?-g!:LfcffiS(cjgfig^nTi/>SAV Siie-y MSasi: 
•jZ^y- KJS 6 i: l± Z WTal^fc-^OPaPi^WrS <}; o 
{c«^^nTV^So E4{£:43V>Tt±. »ji'7-K 

«lllSbT0^Lri/^«o 
[0 0 5 4] 

ifii{cfei,>TS^sB{cjgfi!i?nfc2o<Diigsgp^j'. -r* 

50 to^, ±l5Siiy- KiS6 U i:TgB»iie>y 6 B i: 
^WU ^n^*n*V MAlf7;V = r:yA (A 1 ) ^i: 

^rnri/^So eogH^t^i 7AV ^^H^tc^stts 

tBy-K^Sl 3O0^l±#lilSbTI/''So 
[0 0 5 5] 

ifiScoSjie -yhns (Dm^ic a. ^-n^nsii e -y h 

siS5(tti«®4 2*wt?.nTt.^So «iie-y h^^itam 

@4 2{±. ^n^n-**^;*U>h K^-Yyie]SS5 6 C 
40 (cgEigc^n. ft&;^*^«^WtcS%?nSJ:'5{cgm?n 

n^n»iiy-K^?ltH«®4 i A^^tt^-nrt/^So » 

S<J:-5fi:«!^5nTV^So 
[0 0 5 6] 

0 4(c^Lfcc}:^fcBE«?n/c:fB1S-tr;H @5{c^ 
L/cj;^{c. XY¥ffi(i:*5ttS«^©Kttiy-F^l 2 

t«sc©sgffie-y hi® 1 3 iKo^^mmcmmtnxi^^ 

so So cc-e. IB1S-b;HO±ffi.(TMRISI?2 OTO 
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[0 0 5 7] 

07 (A) it. 0 4fcir>*a6.ti:^L/cl21S-t;H «Dx 
A- A W»T^Slc43ttS^«fi!c^a-rt OT'feSe 
[00 5 8] 

07 (A) (C^Lfci^tc^ lEiS-t/l/Ui. TMR^? 
2 0 hi© 5 i:»Jiy-K^6 i:*eiiBi7 

tt. TMR^?2 0l±. a®^**^ h>'^;l'A'JTM3 
fc. <l©h>'^;l//<?'J7»3<0-7j{||{caS$tiSlft7? 

m 1 w&Em 2 fcs^ffiiifcigw^rn^sPKi^Jc j: ^ xm.it 

Tjf&lTb^^fb-r S^iSSSi: bTasg-r 4 <D- 

[0 0 5 9] 

TMR^?2 0t±. ^lfiS14«2i:S«{K14e 

h >^;1//^U Tm 3 tO^MSUiJ-fCfeltS^ 1 mi4S 2 

(MRJt) i)\ S (1) OJ:3lc^g?nSo 
[0 0 6 0] 

(MRtt) =d R/R (1) 

[00 6 1] 

S¥fTT'feSJ»&i:OgStfii(DMT'fet). TRj *\ X 
[0 0 6 2] 

i:V^5o ) t±> h>^;W^U7S3®K»Tlc^<fe^? 
•rSo hV^^bSfttR tl±. {S«EEfgJg|Tn±, ^ (2) 

(c^L/ti^tc. ^>';^.;^/^u7M3<o)l;?T^c^^LT 

[0 0 6 3] 

Rtocexp (2x^). X= {8n2m* (0 ♦ E 
f) 0- 5} /h (2) 
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[0 0 6 4] 

ccv. r^j tt/^U7is?. rm*j 

TE f J t±7i;bSx:^;l/^-. hliT^^y^^^St 

h:/:^;l/gJrLR 1 lOkQ- (/im) 

iif^Ll-^c, LfcA^-pT. ±iE<Dh>'^;l/fiStR t ^H^l 
•rS/c:46(i:. h>^;l'>'^';7g3cD/P^T^2 nmlj( 

[0 0 6 5] 

>'^;l/S*iR t ;g:{ftM-r ^ <i 1 3b^T'^ ^-73 T% H 1 U 

^2^^xfmm.^m c^s) 4fcog-&^®©iHi 

[0 0 6 6] 

07 (A) {C^U;rcTMR^^^2 0t±. ■Sffil^JllSeiit 

mfjit. (5 0/4 X 1 03 A/mJ;»)t;*:irv>c: 
iO i:7b^MSL<s !Nf{C (1 0 0/4 n) X 1 03 A/mW 

2«s m^li. 5 nm<Dm^<Da/<^?Vh^^^ (C o F 
e) )b^?)*5o ^W<D-i^V\^h (Co) -^^ n/^ 

(CoP t) . :::.>y'y;l'^=i-''^;l'h^^ 

(N i F e c o ) m^m 1 2 fciiffl-r « c i: a^ri 

ftgT-feSo Sfc. ^HS1t«2fe<fctf3Stt?3SttS (iSSS 
S) 4 <DSi{k^^WJ±> ^ 1 ^14® 2 tSttSSttS 

[0 0 6 7] 

y-Kila6^c^3^t5¥^fSl5^)•l 0. -r^fe-e. 
50 siB«s-pfci3. ±isjiMaaiw{c<fcoT3i«iaii4@4o 
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MAit. (Ni Fe) 

T M R 2 0 (D—^^rjitmmm t UTOgP^^-tC 

^40«K*l±. (5 0/4 X 1 03 A/mJ^i± 
(10 0/4;r) X 1 O^ A/'m^JiT'OffiHTaSOx m 
1 fia[14S 2 fe/jN^ < <k ^ tc«fig?nT 

l/^SCltA^aSLV^o (5 0/4 n) X 1 0 3 A/m5|; 

T'fe^o — 7^. (1 0 0/4 n) X 1 03 A/m^S;^ 

TMR|g^2 Og1*CD5^{tA^^CTL«^RjHg1± 

- Kif^ 6 tc J: 4 fc«tfi^^i:5 fc 

fete. 4 osm^ttck 1/^77 

*t^6gict±. 2 0 00a±T'St3. i!9^l?^b<tt 
6000JK±-^SSo 
[0 0 6 8] 

0 nmJP<Df-:S?i^ (T i ) i:. 1 0 nrnmoMit^^Z^ 
(T i N) i: 5 0 0 n m0<O7;l/5r.'>A (A 1 ) tH^ 

-F«^6t4. 7;l/5::^'i'A (A 1) . ^ (C 

u) feJ:if^fVi^X7":/ (w) <?5d^©i>*< fct. iffl 

[0 0 6 9] 
[0 0 7 0] 

^■r. 02fej;t;07 (B) . (c) *#B§LT. tan 

(B) , (C) li. 0 4^3j;lf0 6{c^bfcietg-fe;H 
A-A^irSlSlcfe^t^KfffiT'feoT. «gi!73|qli:ai 

[00 7 1] 

07 (B) , (c) a. fati-fe;n ^a3i-rssv^ic¥ 

ff^»iiH">y h^5fcJ;tf»ii'7-K?«6{C. SV^{cil 

IH1t-fe;l/i A(D«^(cMJS-rSo 07 (B) iKStc 

«£A^gl!nS«-a-^*L. S«5S14M4 0rta5>&^ft-|nI'3 
:^[q]tcSSSfi4lf*'|g^bTi.>Sc -^5. mi (C) 
iiS®teMit*??i^fc:|!|j!)^ 5 ^bC'M^*^^ T (- y 

») 4<?Drtg|5;&S^tH5I'?77|n]fcai^BS^A^M^LTt.> 

c:<DJ;-5{c»iitr>y hi^5:feJ;l>*»)i7-KifS6 
fc. |Bl-:^iRi{c«jjf[*^8fEn«i:. Bg^iKlse 4 oKft?? 
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(B) (D^m^otLrcm-t. mi (o <D««i^ii: 

LTlffiSlJ-rSo C<1X\ 02JC^Lfcfait-fe;l/l BO« 
[0 0 7 2] 

io ^mm^m5 e fiifettsT' f u;^x3-:5fisiss 5 6 a tc 

«^fc*t), isffle<y MSi 3tggta®M*^Mn. ta^ 

-ir;i/i©TMR^?2 ocD{ii{ciE<7)m{ii*^-^Ae>ni.o 

iRl^tc^ 2 OfgftM^lHlSSgP 5 8 K IxX-rn 

— ^Ih]^5 8 AfCtD, «IS<Dy-Kxn— m7 1 X 

X-l'>;;g^7 4A'«|g|&?n^o SJR^ nfc^- K?«S5?X 
20 ^-^^1 4^±Jl««S2:*5^ BSmy-K^i 2{cKai 
l|j^*^^Stn. IBtt-fe;!/ 1 © T M R 2 0 i: «S)hMlll»c 

IHISS 5 6 A:te<i;tf7 F UXxn-^InlgS 5 8 AtC«t-:> T 
[0 0 7 3] 

FiS 6 J: o Tm*^ns i ^ {c«fi5t$nftil«ffil14« 
S J; ^ fcWfig^n/caMf* %«S^ S J; -5 LfcOT. 

Fi^5:j3<tt>'»5iy-FilS6<DjtX77{i:«??it^gii 
-rc t{i:<}:-3Tgfli:rcSJS§^JgfiSc-ri.ci:7b^T't. TM 
R«?2 ooSttJ^ltS C^S) 4(i:fetJ5gafbg:ig 

40 -Fisset*^ ai^fistts (^^) 4*m<mWi:fe 

F 5 i I/^ji"?- F^ 6 (cmSif^gS-r c i: J: o T 

(iSis^) 4tc^c§-&fi2sa[^^> iin?,cD 

[0 0 7 4] 

^{c. ±faoid^«fi!c^^-r«*^5!iomiofiSM^ 

50 [0 0 7 5] 
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c:<D±^S3iy- HiS 6 u <D d ^<o^^^ 1 0 fcjtiis 

i^M 7 c cD±tcsi&e Mi 5 ^mm-r?>xm t . <i o 

hJ95i&v^i'i:bT*feJiiM7 C«r^Wfcx 

t;±gi5»jiy- Kiiise ufDwas^j- 1 o ic^if^mmm 

ill 9*eBSI^S*j{cj^^-rsxSi:%-&trfe<DT-fe 

Co 0 7 6] 

mt^o JSrfe. 08 (A) 3S:l,^L02 3 (A) li. 04 

{C;^LfcA-A^»TSiSfcjftofc»T®«^^ab. 08 
(B) ^I.>b02 3 (B) 0 4{C^LfcB-B«ief 

Co 0 7 7] 

$-r. 08{£:^L/c«fcd{c. ->'J3> (S i) 

»El cornel l(0±lc^ (T 

i) > (T i N) 43<j;t/T;b5^'i7A (a 

1) ^Mfc. X/^>y:5fSB^^ffll/^Ta»U ^MMl 

V3 1 ^vxi'i:U fiaj-^tfv 
7.i:LT=Mbi->'>^ (BC 1 3) :»X^m^rmR&3 
{i:SJ5514'f'2i->'X>y^>^ (RIE;React ive 
I o n E t c h i n g) ^ffOo CtliCi:*), 09tC 

snso c<Dm^. x:^mcY<^-Drzmt)\ mi^7oo 

Co 0 7 8] 

mc. 01 o^c^ufcJ:3^^^ P^ifTEos (iesss 

rax^;!/: Si (OC2H5) O ^m^-'X. CVD 
(Chemical Vapor Depositio 
n) ^e>c<fc^)ik^%S3 J:3tc, M^ti. ^t'>U3 
> (S i O2) *^P>:&Slf6ii^]g7 A^fg^-r^o COO 
{?IJx.lf C MP (Chemical Mechani 
cal Polishing) gS(C<): K>. Hmm? A 

Co 0 7 9] 

KHS 1 2 i:jSg|!S«mi4B 4 B fc^MtcJgfig 
f^o «lilT% l&.mmiiaX4Bf3\ :^^m<D r^i 
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T^^fV (T i ) X T i NisJ^tfT;!/^:::!^/^. (a 1 ) 

^mic^mv. o-^tc^ffly- mi 2 fc^s^g^ 

(0^H±-r) ^Bmt^o XLCOVi^TshJ^^^-y^ 

fijfflLT. R I E^^la^^r^^v\ ±fHo^MK*/^^'- 

if •^^^h\ziiK>. ^a^-K^Si 2%jgfig-rSo 
^■f) ^m^U mxi£. mtWi (Fe so-.) ISJalf 

10 wk—'v^)i> (N i S04) ®i&-^^.«fcssLv 

■rsc:fcfcit)-yy;i/^^^ (JK?Jt ; N i : F e = 
80:20) *^5.:&Si6ol?K (0^-<i:-r) ^J^fiScT 
5o COCO'S. 46^frS (0^-y:-r) ^>'^^f-:^V^'*f 
;5c:i:fc<t»?. lSg|5^4^aStt@4 B^J^fiR-r^o 
COO8O3 

^ffly- 1 2 ^3<ttfiSa5ffl«fiS14W 4 B ^Ji^^Lfc 
<0-5. 012 (A) , (B) ic^bfj:J;d{C, TEOS 
C VD^StcJ:t)!ii6igfeK7 B^^ffifcHoTJg 
figL. CMP^«{C<tl3. JS^S7 BOgScD^tlft:^ 

- Fi©6 B i:^g^i^-r«fci60t: 75^— ;V7 H^m^t 

« (01 2 (B) #B8) o c<om^. fimm7B<o±ic 

h/^:J'-V^?gfi!tbfc'OS. KJCS^;^fXi:LTC4 Fa 
^fflt/^fcR I EtCfet) e7>i-^— ;V7 H^J^figf^o 

CO 0 8 1] . 
l^V^T. LTS(Long Throw Sputte 

ring) ^mm^m^-^r. tf7'-^-;^7H^cfi^lJ^^^. 
7;i/5^'>A (AO l?cD«««iiB^*S4i)3it?<ifctcJ: 
iO 01 3 (B) Ic^LtzUdlcmmmt^l 7«rJgfig 

■r c oBF^jgj^ 1 7 kj^ e u t 
TgP^jiT?- 6 B *«M6*ifcgM-r 5 i 9 fc^ftg 
■rSo SF^SlgcP 1 7 -^li L T S ^ 

B^fflV\ 013 (A) . (B) {c^LfcJ;d(C:^S(c 

HoT. mxif^^y (T i) . gft^'^v (T i N) 

feJ;t>*7-'l/5-'>A (A 1 ) jb^e.*«^M#aM 1 6 U 
CO 0 8 2] 

i^X■f••y.'^-^i:i;»?. i 6U<0±lcifeffilc 

40 MoTU'S^X h/^^f— >' (0^-tJ-r) ^JgfiKbftOS. 
Cin^-rXi'fcLTfiJfflLs R I E*!ia*ff-5<lfc{c<fc 

01 4 (A) , (B) tC^LfctdfC. TfT^P^l 

jgfig-r « c: t A^MST'feSo 

Co 0 8 3] 

50 igPCiiy-KiliaeU^rJgfigbfcO-e. 015 (A) . 
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(B). tc^LfciotcTEOS^rfflt/X CVDSH^Cj; 
>- (T i) . T i N43J:i;7;l'5-'i7A (A 1) ^rlUt;: 

[008 43 

^fT^ciitcitJ^Sais A^^^5'--:xyr5„ z.r> 

[0 0 8 5] 

i^tCs El 7 (A) . (B) (c^L/tidtc^ c:©»5A 

ffli,>fcR I EfcJ;tf'i'::i->'~U>'^"tc<fct), »iAe-y h 
1^ 5 fc j; o Ti;SS?nTl.^:^t,^ffl«c7)JfeJitM 7 C (D±X 
iiifelt®7 BfeJ:t;±gl5»iAy-K;^6Ulc*3tt^» 
^*7^lRlO-a5i:*l^*-rs<li:{cJ:t)5«S#|jfil 
fiScfSo CCT\ ;Sgi3]S«aS'ffi®4 B*^S(±i-r§^T-^ 
i^Si7 B^^£-r5<ii:*mSTfe«o T 
gP^jiy- K)^6 B i:±g|5»iiV- FiS6 U t*^BP^SE 
1^ 1 7 <}; -3 TSEi^^ nfcSiiy- Fia 6 i)\ -/S^ 

wgp^ 1 0 1 CD s^ep^g^^ 1 7 {c i -T) Tgi^-r s 

gTSrl^tCfel/^TfeJSft ^?-&T}^^-r S <fc 3 fC LT t <fc 

^<D X Y ^mcmi&-r set 3b^ RlftgtC^Q: So 
[0 0 8 6] 

[0 0 8 7] 

Siitr-y h«i 5 :fe J;tf«3ir7- FifiS 6 O^ffgP^ 1 0 IC 

mf^mmmi^i 9^m^vrc<D'^. mis (a) . 
(B) tc^bfcj:^tc. coae^jt 1 9offl!iffi43j:t; 

^jgfig-rso a<*e<ifc«.- i«a;^x-yM^fc<fet). a- 

A^tcra-pfc«{eT®li:43V^Ti!^:5:< 1 9% 

T EOS ^m^^rcvommmic a K>±micmmm 

[0088] 
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i^t^-e. «e^K7D<D<fflffi^itf±ffi^ss?egfc«dt 
m^u^Brnt^ctiiz^*). jsa5St^sii4»4 Bfej: 
7-r 5o c c T% ±^mikmiim 4 u a^^^ib^cd i 

[0089] 

10 mWffmcli. 019 (A) . (B) iC^X^Tc^^lC. U 

/^.^f— >3 4«rJg^-r«o Px.tfX-'^y^U^ 
^^B^fflV\ dOU-S^XK/^^— V3 4%?fJfflLTjS 
g|!Stt^14Jl4 B i:lRlC«S|^ ({RJ^lfN i F e) A^?)^ 

[0 0 9 0] 

:^V>T% E2 0 (A) . (B) ^^^Lf::J;3^^:^ Ui^T, 
[0 09 1] 

Ml^Ts 02 1 (A) , (B) tC^bfc<t5{C. CVD 
^BUtCt Di^iife)g7 E«r^a{cmc>TJg^Lft:«)-5; 
CMP^B^{cJ;S«eiS^7 EgffiOW0*fe<l*l/\ 

2e.(c±a5iR«?sis®4u^:m^o»*t^iax-r 

[0 0 9 2] 

30 ?^tC> 02 2 (A) . (B) IZ^Lfc^^ic. ±gP« 
ttgS14S4 U(D±lCv TMR^?2 OcOffM^feC:^ 
ft<*6?I{Cti> $-f, TMR 
2 0 ^J^figf S«J^W^O«S«l*S ^ J: ^ tCx 

T. T;l/S-'i'A (A 1) m^miS.-t^o C(D7jV~.- 

«o IKI/^T. Px.lfC o F eJi*>?.*«lglBa[14»2«r 

5^I^S-ri.cli:{ci:-QTTMR^? 2 OOJgfiKA^^T 
40 ^-5)0 02 2 (A) . (B) X-lt. ffiaSftOfc 

«>. TMR^?2 O*«fi!t-r5&JifCOV^Ttt0^%« 

[0 0 9 3] 

TMR^?2 0^}gfi!tLfc(D-5, T E O S CV 
D^WC<k*Ji|i©iSM7 F*±®tcM-:>TJgfigLfc<D-5, 
CMPgB(cJ;S*eife|l7 FS®OW]g^^3cl:&(/>. 
S{fc^0Si:*t(Cx TMR^?2 0<DS±®^Sa$'^± 

[009 4] 

50 g^fC. 02 3 (A) . (B) (c^bfcJ:-5tc. Mttltf 
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•yhi^i 3^}g^-r^o ma^mcii. ^^^y (t d , 
mt^i^y (T i N) i3<fetf7;i/5^'>A (A 1 ) ^iw 

[009 5} 

c<DO%, S3i!7-K*i6©SiSSI»S*ti:«iy-m§| 

[0 0 9 6] 

liLhfci K> > te«-b;u 1 %-&trlB1t-fe;i'Sf 5 4 ojgfiic*^ 
— fS^T'^So 
[0 0 9 7] 

S i Oz ^tcltk 1 2 oz^o^umm^^^ir^TM 

[0 0 9 8] 

TaHg-rs]^«aiisM4i:, mmmicmm^:^micmm. 

R^?^2 0®Sii«SI1SM 4lC:3S^f^mit<DS. 
[009 93 

»jiy-K^6*\ 3Rt^lK1S«4;&m<ffilttc;feV^TS 
(/^tc¥fTgP5^ 1 O^&J^fig-rSidtCbfcCDT's »)ilf^y 

h ifig 5 <fc tfSiiy- FSI 6 »c«j5S*J!f[-r C i: j; o T 

ii«fiai4S (^sss) 4fc^bi.^figsat^^. cne.<D 

fr> SttBS14B (^S^) 4lcfettSfil[{tSie^J:!35ai 
[0 10 0] 

i' t bT. e um-^mcmmmm. i 9 ^jg^g-r s j: -5 ^ 
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^f*:i:bTii!jiX@©flSBMfc^0«2:t*^-e* 

[0 10 1] 
[^2 0^M©JgSI] 
i^fc. 02 4 (A) ~ (C) «:#BSbT> *f8W<D^2 

[0 10 2] 

02 4 (A) i±. *IISg<DmiOB5^;'<^'J'X/WX{C 
(A) {C^^fjSbTl/^So 02 4 (A) T'fiv 07 (A) 

fc^bfc«fi!(;g^i:ll«W{c|§i-C»gp«-fct±|5l-co?^^ 

^#bTl/^5o 
[0 10 3] 

lO^MOje^tS^^^tcov^TiiBJU ftfiOSJB^li 

[0 10 4] 

20 ±|Hlgl ©ll»SOJgS8«fiS«;^^rU7'>'W7.«^ TMR 
2 0 {C:j3tt5i»«^14a 4 0-gP*^jSlKH*aftfeS 

J:^tc#lfi!cbfcfeOT?*So <intc5^b*^ssomi<o 
S8l^^^rUx>'WX«, 02 4{c^bfc<£-5fc. .^SSM 

t LT^mr^m 2 jkss s 4 i: {±m 
tciatt ^ ^ 2 fisis® 8 1 is<^fflii4Ji 4 1 *^mwtc 

5S^iK^bTV>5TMR^?2 l*e^i>J:'5{cbfcfe 
[0 10 5] 

^2fiaittM8l±. b>'*;W^';7M3fcSS««[ttM4 fc 

(Co),, n/^l/hg^-^^ (CoFe) . 3/^;!/ 
bS^^ (CoPt) fe5l/^t±->yy;bg^3/t;l/h-& 
^ (N 1 F e C o) *^6*So 
[0 10 6] 

js^^sstts 4 1 immcm.i'^ scttc^f). ^2 satisa 

40 i>^h^<. m^tl. (5 0/4 ;r) X 1 03 A/m5Sjffi 
[0 10 7] 

. rn^^r. 02 4 (B) . (C) ^#BgL.T. :^mm(OJB 

■rSo 02 4 (B) . (C) It. 0 4 tcS^bfclElt-fe;!^ 
lO. A-A^^^{Cfctti.^ffiT*fe-pT. 

fiSftT? iR] t « H^^a-r t. o T- fe « o 

[0 10 8] 

02 4 (B) . (C) li. fEfi-b;l/ 1 ^SjfifSSi/^lc 

50 3F??:&«5ivf>y h«a5fej:t;»iiy-F«ia6jc. s^/^^c 
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S4(Oa[{k*|RltC?a-3/c:7^[Rl. -r^rfc-^XT^lSlfc^So 

132 4 (C) li. Mffiti:Slt^77fpI{c||*^?,^Su 

77(SlA^^«^14S4cDJlfl:^fpI{C?'a-pfc:7^IaIi:^t), - 
l*ffi®-r«o 02 4 (B) O4^®^0!:bfc 

02 4 (c) (Dikm^i tLrmi\-r^o 

[0 10 9] 

t3±gP««aa[14M4U^JgfigLfcO-^. J10±g|53S«SS 
14g 4 U (D±IC. IXJ^OmmX^ T M R 2 1 (0^1^^ 

TMR^?2 i^jgfig-rs^ii^jj^noM^^adid 

(CoFe) A>e.*:5^2iai4®8i:, 7;l'5^'J; 

A (A I) mt^micm^-r^o -x^^v. cor/i/s- 
rm 3 5o ^ e.{cx/^'v ^mmm\cii 

5, mtJC o F e;i>b^e>^5^iaB[ttM2fe*tf^f>' 

:5f;U (Ta) ^:6-?,;^5^g]fii:g:|i[S(cjg^Lfcco^. 1^ 

Co 1 1 0] 

mm t Lr<om 2 m^m s tc^tt « ffi{b7^i«o>b^ j; 5 a» 
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[0 111] 

JO [oil 2] 

02 5 (A) li. *|ISS<DmiOSSm^^U7^>'WX»i: 

(A) i3j;tf02 4 (A) tC»jSLTI/^«o 02 5 
(A) T'«. 07 (A) fe<J:tf02 4 (A) fC^^Ufcfll 

[0 113] 
[0 114] 

±tBII 1 <DmM<DBm<^Mn:^'eV x^WXli. TMR 

2 0 ^c^^f^mvim^m 4 o-g|5*^jSMa^«fes 

^^^•U'x/WT.tt, ^e-tc. 02 4{C^Lfc:<i:'5tc. 

i: uxmmt^ w, 2 w&m a a\ st^ssttB 4 i: 

^W{C3?Mi^^UTl/^STMR^?2 1 «rfli^5<fc-5tc 
[0 115] 

2 5 (A) fC^bfctdfil. ^rP.tC. ^2SS14M8fcHU 

*?aii4^ 4 i:^2saiisM8 }Ln:wmm.m^-i^^i.^ 

{c^Hg-rSfeOTfe5> )l'7--f^K (Ru) 

^ (Cu) :&H(cJ;5^fiK?n5o 

40 [oil 6] 

SaiSS 4 OiSSa;^;*^ (50/4;r) XI 0^ k/m^m 
-efe-3TfeKSi*^^U^<^t>^ fi^lJ^tJs (Fe) . 
NiFe. CoFex N i F e C o feilf 3^^;!/ b (C 
o) ^{Cj;»3^«Sai4S4^M^'rSCi:A^T*ff«o 
[0 117] 

50 8 <D««:^J±. (100/4^) X103 A/mWTO 
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Co 1 1 8] 

Mt^T. H2 5 (B) . (c) ^mmLT. ^mM<om 

fSo 02 5 (B) . (C) li. 04fC^Lftffiti-fe;l/ 

i<D, A-AW^rf^la^^:^3^t?.»f®T'fe■pT> mu^^t 

CO 1 1 9] 

02 5 (B) . (c) i3lt-fe;n ^JiJS-rssv^^c 

(B) it. m.micm\M.^:^i^ic^Mf}'^^^\^f)-''^r 

So 02 5 (C) Ift'ffitCSlt^^iJlRlfC**^?. 

e>y h?S5fej:t;»ixy-m6{c. m-^m^mMti^ 
i«:te®-rso mxi£. 025 (b) ottfii^otLfc 

^> 02 5 (C) (O^m^l i:LTiSigiJ-rS<, CC 

M8 05aft:^rRi«K<&&-r. ■r-^'©s^mi±fTten 

Co 1 2 O] 

t)±gi5««fiS1SS4U*}KfigLfc<0-fe. C<^)±a5]S«?K 
4 U <73±fc. J-:iT©SIRT*^^?S1£««S 9 fc 
TMR^?2 2tDJ^^%fe<l*do *^*:W^i:^±^ S^fv 
li^Xr-y/^^tcit). TMR^?2 2%JgJ5!c-rS«J^ 

j;!?. ;l/x:^'j7A (Ru) *^P.^SI^HS14a»i|S 9 
3/^;l/h»-&^ (CoFe) *^e.*5^2ia[14«8 
7;i'5-'>A (A 1) Sfc^ffitcji^ijict-So :k^-^X\ z. 

J:t;^'^^f;l/ (Ta) ^jb>6*««g^J&)llItcjBfigLfc 



(16) 1tM2 0 0 4-1 1 1 8 8 7 

30 

tcJ:oT. mi?S1SJl2, h:/*;W^U7B3. ^2® 

14« 8^i:mmiimmm 9 ^wr ^ t m r 2 2 <o 

Co 1 2 1] 

(cj;nif. ±tBm2cD^SS<D}B»l©«^{i:i)P^. ^5, 

io fc. 3s^^?KttM 4 i:^ 2ffiits 8 t<omi!i4m^mmm 

S 4 fclg 2 8 fc*^?t:'3^S?SSS1±^^^fl^fi5c-rs 
J; ?) 7 'J -ii i: LTO^ 2 fiBlltP 8 OlKfkTSriplA^a^ n 

mvzmitm 4 <Du^ti^^ ^ /h? < su^ ^ c i: *^T'# 

i::&So 

CO 1 2 2] 

<mmm> 

{COVTiXTtcSiBJ-r So 
CO 1 2 3] 

«ig 1 (D^mm» 

*SI*£<0}effifcfettSTMR^?2 2«. m2SSfS«8 
io j;0t:*:^*^SBai:^^*-rsmifiSttS2^mfc«SS 
:^MSt<tifns«3gT'feSo cntcwu 026 

(A) (C^bfcTMR^?2 2 B{±^ 

nS«jS^MbTl/^So 
Co 1 2 4] 

*i*s5{c li. T M R 2 2 B s^^aaiiss 4 Oill*^ 

40 1 2 iiJi^Sitffitca: t) ^ 1 SaiSS 2 ^DSSft^a 

(P tMn) . i'US^'i7AV>';<Jy^^ (I rMn) . 
Wi-^>:»> (FeMn) . zi-y'^;VV>**> (N i M 
n) 'trcl,i;l'7-~'!;L.'=^y:ffy (RuMn) ^<DS^eS 
14«i|^{cJ;5ei^?nSo 

Co 1 2 5] 

02 6 (A) {C^Lfc3Sgl''W7XSO^jt^W-rST 
MR^?2 2 B<?D^t±^ ^3SSttSl StCiO^l^ 

'eS2omfb75riRi«:S^bTB^-p#so-e. f^imn 

50 m2<0Umtl^ (5 0/4 n) X 1 03 A/tn*SSi:L 
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[0 12 6] 

«m2(o^Bm» 

02 6 (B) li. :i^nM<Dmm(DTMRm^Z 2<Dmi& 
lt5i5ti:Lf!:TMR^?2 2 CO^^^^-TtWTfe 

^ o 

[0 12 7] 

ftf*Wti:{±s T M R 2 2 C SttSSteM 4 
lllSS14M2i:%*LTV^-5o S4fiatttMl 8t±. ^fffil 

^mmm s 5 ^^lt^ 1 m^m 2 ti^'^m.ii.i^'^^B 
j&hxisK). mim^m2tm4mitmist<Dmit:f5 

^tf. gt(Fe). NiFe. CoFe. NlFeCo 
$rctin/^;l/h (C o) l|{cJ:t)Slfig?n5o 
[0 12 83 

*^Ji?MTH±. ±IH«figtcj:!3. ^ 1 fiSltS 2 4 ^ 

iSWfci S^S^SttJc < < ^^{b-rs i:«fc. ^ 2 sat 
(Dfci*. 7y-Si:bT©^2 83'ft^8{c^3ttsaai{t::^ 

So 

[0 12 9] 

«m3(o^mm» 

02 6 (C) ±tam2<O^JgM©TMR^?2 2 C 

\.rtm&mx'&^ tmr«?2 2 d^^-To Rf*6^{c 

i±> T M R 2 2 D it. S«fiat1tS 4 (DiilA^ ^ dtc^f 
lStt#«S9t. m 2 Bans* Si:. hV;?^;W^U7«3 

[0 13 0] 

l®(tt»2cOK{(::^(Sj^SSLTH^T'$SOT% Si 
aai4M2 0«Si:^^ (5 0/4 xl03A/m*?^ 

[0 13 1] 

mmmi 

[0 13 2] 
[0 13 3] 

^•r. EBtcSKLfcA^fC, i^'J^V (S i) 
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W&l l^mS.L. dCOaSl 1<D±\,Z. 1 OnmJptO 

(T i ) . 1 0 nmm<Dmt^i'> (T i N) 
it? 5 0 0 nmjy<D7;l/5— -i^A (A I ) ^MlC, 

{bi-^-i?^ (EC 1 3) ;?jrx^ffli/^TSJ?WlcSJS14t'5i- 
iO Z/:Ly^_'yif (RIE;Reactive Ion E 

t c h i ng) ^ffofco <in{ci;<3. iggfc^UfcJ: 

X7j|oIlC?tJ-pfci|l*\ 7 00nmfc*5*d 
[0 13 4] 

i^fc. 0 1 OtC^Lfc<t-5{c. TEOS (lES^Egx^ 
;l/ ; S 1 (O C 2 H 5 ) 4 ) ^fflV^T. C V D (Che 
mical Vapor Deposition) 

icXO-^^^Wy^^lc. mitiyV=i> (S i02) 

20 ^^^mwmi A^mf&vrco codco^. cmp (ch 

emical Mechanical Polish! 
ng) ^Btcj;*?. tUmmi A<omM<D^i^<t^i3Cia: 

[0 13 5] 

c<D<D-^. 0 1 1 fc^Lfct^fc. jp±Bft:$nfc*6^M 
7 A<0±.(0. h«i5feir>*«ji7-h*^6<D¥ 

50 {c^ay- Hii« 1 2 4 B i:%)il{cjgBK 

Lfcc M^SgtCti. S-r. JigiiSMT ACD±tc. T^-^h 
D>'X>'^'y^'SKlCj;oT;»ii^^ 1 0 nmO^^y (T 
i) . 1**1 OnmOT i NfeitfJ?* 5 0 0 n m©7 
;V5-'>A (A 1) ^MtCfiKMU (0-5{cKaiV-K^9 

-:^xh/'^^->'^?"Mbt. S)S'ffi;*fxfcLTB c i 3 

**x^fflt/^fcR I Ejas^^T^v ±M<D§'mm^f^^- 

40 :z>'if-r5<li;tcj;»P. B^tay-FiSl 2*Jg^Lfco 
:^v>T?> iiSax'r'V'^«ffli/>Tbi?xh/^^»-> (E^ 

■yr-f) ^J^fiitU F e S O4 feil/N i S 04 <D4t>of? 
Jt;Ni :Fe = 80:2 0) 5b^?)*Si6-3#M (03^ 

/^^->'J^fiKL/-cKaiV-Fiai 2fe<ttfJSgPSt^m^ 
S4 BOIf'l'Xtix 1 1 0 0 nm (XTjIrI) X 3 5 0 n 

m (Y:^riRi) i:bfco 

50 [0 1 3 6] 
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JgfiRLfc<D%, 012 (A) . (B) fc^bfcJ:-5fcx 

iPBlSjg? BOP^Ati. ISOnmJiLfco ^?>tCx ±gP 

KIS 6 U tTgPmV- 6 B i: ^g^igc-T 5 
/c46^D^f7^1-^-;^7H^Jgfi!4L/c: (01 2 (B) # 

7'i-^-;l'7H^}gfi!cLf^:o 
[0137]. 

1^1/ ■'Tv LTSCLong Throw Sputte 
ring) SB^ffll/^T. e7>i->— ;l/7 Htc7;l/5-'> 
A (Al) ^aJ6iXtfCi:{c<tt)s 013 (B) {C^L 
fcidlcMKg^^l 7^Jgfi!cL/c:o COO'S. ^iiK) 
LTS^m^m^\ 01 3 (A) . (B) {C^bfcJ:^ 
iC-^Wlcs.r>X. 1 0 nmi¥0^^f>' (T i ) . lOn 
mJPCigit^:^?^ (TIN) J;th' 5 0 0 n m®<D7;l/ 
S^i^-^A (A I) *^e.^5^M^S)ei 6U*J15fi!cb 

fee 

CO 1 3 83 

cn^vxi'iLTfiJfflL. SJStt:«rxi;bTB C 1 3 
ifX^m^^tcR I EiQ.a^ff3c:i:{cJ;t)^M^«Ml 

(A) . (B) tcg^LfcJ:d{c±gpSiiy-FIS6U*^ 

tcmitl 0 0 nmfcLfco 
[0 13 9] 

±gp©iiV-Ki!g6U*JgfigLrcO-5. 015 (A) . 

(B) IC^Lfcct^tTEO S^ffll/\ CVD^BfCJ; 

fTofc*6lliM7CO±tC. Vt^^hD^X/Vy^Jf^B*" 
fflVT. 1 0 nmffO^^V (T i ) X 1 0 nm/POT 
i N:fe<tt>'5 0 0 nmJ?07;l/5 — (A 1 ) ^MfC 

Lfco 5?>(c, ^g^5A<D±l<:lxi?;^h*^^PL/-c© 
■5. 01 6 (A) , (B) fc^Lfcfcdtc. i^S:^-r'i/ 

[0 14 0] 

C©Wi7Xh/^^'->'3 2^r-7J^^i:LT¥iJfflU SlS 

tt:^7>i:LTBC 1 3;<fX^fflV>fcR I "EVm^n^^ 
i;{cJ:D^@Si5 A^/^^-^V^'Lfc„ cntcJ:^. 
X73(q]Jc}&-pfci|iA^7 0 0 nmO»iit:<;/ h^SA^Jgfi); 

CO 1 4 1] 
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^{C, 017 (A) , (B) tc^Lfc.i;^{c. <10»ji 
e>y Ml5«:v;^^tbT, i ail-&WtC«@«3g 1 9 
^m^LTco m^mcli. i: LT C 4 F 8 ;& 

Co 1 4 2] 

10 Sjilf';; hi6l5i3itf^y-m6<D¥^8P^)'l Ofc 

fettsas^jgi g^fl^figbfco-^. 018 (A) , 
(B) jc^Lfca:dtc. c<ommmm I 9 (omm^ixf 

±m^m.d^vlC. S i 02 5.^-5^561^^7 D^Jgfig 

{CSSiWtil^S-'Xh/^^?— >'3 3^Jg^LfcCD-S. TE 
O S ^ffll/^T C V D^SIIlc i f3^ffi{c?feiiSM7 D^rJg 

[0 14 3] 

m^^m^mmi^m 4 b tcaist-^ * -5 {i:±a!5Htt«i4 

e4 U^Jgfig-r^CfclcJ:!?. iSgp««S514M4 B*5<fc 

tf±a3^ttsstt^ 4 u*^p.*§]s«fiS'ffi* 4 (om^^^ 

7 U/co ig«{Mfi« 4 Y:&\^lcYd-^ T 3 5 0 n m£0 
Safest). Siie-)/ M^5i3J:t;«iy— KiK60¥ 
tfgP^i oo-gp^lXtJHtyi^fcjg^Lfco 

[0 14 4] 

Mf^S^tCti, 019 (A) . (B) IC^Lfcii^lC^ U 

i^xh/^ix—y3 3*y7^3^7^c,t»?^*bfc<D■e^ 

^m^\ COUi^Xh^^^f— >3 4*?lJfflLTj6g|5Wi^ 
SSttB4 Bi:|SIUMi|St (N 1 F e) i)^^^^±^Vtm. 
14^4U^Jg^Lfco 
[0 14 5] 

02 0 (A) , (B) tc^LfcJ;-5{c. us^'x 
V3 4^';y h^ytciD^^-r^cttci 

(3. ±gl5St^Si14g4U^Sai?-&«:o 
40 [0 14 6] 

!^1>T. 02 1 (A) . (B) K^Vfc^viC. TEO 

JgfigL/cO-^. CMP^«{Cii>SifeiitM7 ESffiOWJg 

^sas-arfco ?e.ic±^a5]S4«fiSttg4 uoj^s^A^s 0 

[0 14 7] 

02 2 (A) , (B) fcS^Lfc«};-5fC. igPS 
«aa[tt®4U<iD±tC. TMRm?2 0O}^^?::feC:&-p 
50 fco *<*Wfc«. $-r> ilSX'ry/^^fcJ;!?. TMR 
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9t. 5 nniffc03/^;l/hgt^^ (C o F e) A^e^^ 

mzm^mst. inmm<DT)VB.-'>L. (ad mt 

^MinBl^Lrco C(D7?l'=.-'^2^m^. 13. 33 P 

^^msmitmi St. m^S nm(D^:y^)l^ (Ta) . 

— >^^^-rS<ltfC<toT02 6 (A) <DTMR 
2 B-OJ^fiK^^TbfCo 
Co 1 4 83 

TMR^?2 2 B^Jgfi!cLfc<D-5. TEOS>&fflV\ C 
VDSSti:J:t)*61tM7 F;&±ffiJcMoTJ^^U CM 
P^g{J:J;Si|i6iHS®7 FaffiOW^*:J3<l^i,\ ¥S{b 
*0Si:«fc. TMR^?2 2 BOS±ffi^Sai*-& 

Co 1 4 9] 

mmn. 02 3 (A) . (B) fc^Lfctdtc. ^tHt: 
yh^l 3^J^figbfc„ ft{*Wtca. 1 Onmff©^^' 
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